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|ubject:  Distribution  statement  for  AFCEE/ERT  reports 


Norman,  This  is  a  followup  to  our  phone  call.  The  eight  boxes  of  reports  you  received  from  us  are  all  for 
unlimited  distribution.  If  you  have  any  questions,  you  can  contact  me  at  DSN  240-4353. 
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08/08/2000 


Parsons  Engineering  Science,  Inc.  •  A  Unit  of  Parsons  Infrastructure  &  Technology  Group  Inc. 

1 700  Broacv/ay,  Suite  900  ♦  Denver.  Colorado  80290  •  (303)831-8100  •  Fax.  (303)  831-8208  •  www.parsons.conn 


20  December  1999 


Mr.  Jerry  Hansen 
Technical  Program  Manager 
AFCEE/ERT 

3207  North  Road,  Bldg.  532 
Brooks  AFB,  TX  78235-5363  - 

Subject;  Submittal  of  the  Final  Remediation  by  Natural  Attenuation  Treatability  Study  for 
Operable  Unit  1,  Altus  Air  Force  Base,  Oklahoma  (Contract  F41624-92-D-8036-0006) 

Dear  Mr.  Hansen: 

Enclosed  please  find  two  copies  of  the  December  1999  Final  Remediation  by  Natural 
Attenuation  (RNA)  Treatability  Study  (TS)  for  Operable  Unit  1  (OUl),  Altus  Air  Force  Base 
(AFB),  Oklahoma.  This  report  was  prepared  by  Parsons  Engineering  Science,  Inc.  (Parsons  ES) 
for  the  Air  Force  Center  for  Environmental  Excellence  Technology  Transfer  Division 
(AFCEE/ERT)  and  Altus  AFB. 

The  intent  of  the  RNA  TS  was  to  determine  the  role  of  natural  attenuation  in  remediating  fuel 
hydrocarbon  and  chlorinated  solvent  contamination. in  groundwater  at  OUl.  The  draft  RNA  TS 
was  submitted  to  AFCEE  in  November  1997.  Comments  on  the  draft  TS  were  received  from 
AFCEE  as  reviewed  by  John  Atkinson  dated  09  February  1998.  Responses  to  these  comments 
were  prepared  by  Parsons  ES  and  are  contained  in  Appendix  G, 

In  addition,  sample  data  collected  by  the  US  Environmental  Protection  Agency  (USEPA) 
National  Risk  Management  Research  laboratory  (NRMRL)  in  April  1999  have  been  incorporated 
into  this  report  as  an  addendum  (Appendix  H).  Conclusions  and  recommendations  from  the 
addendum  have  been  added  to  the  Final  TS  Executive  Summary  and  Section  8,  Conclusions  and 
Recommendations. 

If  you  have  any  questions  or  comments  regarding  this  package  please  do  not  hesitate  to 
contact  me  at  (303)  831-8100. 

Sincerely, 

PARSONS  ENGINEERING  SCIENCE,  INC. 

Bruce  M.  Flenry,  P.Oi 
Project  Manager 

Enclosures 

c.c.  Mr.  Dan  Stanton  -  Altus  AFB  (two  copies) 

Mr.  Don  Kampbell  -  USEPA  NRMRL 
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EXECUTIVE  SUMMARY 


This  report  presents  the  results  of  a  remediation  by  natural  attenuation  treatability 
study  (RNA  TS)  performed  by  Parsons  Engineering  Science,  Inc.  (Parsons  ES)  at 
Operable  Unit  1  (OU-1),  Landfill  4  (LF-04),  Altus  Air  Force  Base,  Oklahoma  to  evaluate 
the  use  of  natural  attenuation  with  long-term  monitoring  (LTM)  as  a  remedial  option  for 
dissolved  chlorinated  aliphatic' hydrocarbon  (CAH)  contamination  in  the  surficial  water¬ 
bearing  zone.  The  presence  of  groundwater  contamination  at  the  site  was  documented 
during  the  remedial  investigation  performed  by  the  United  States  Geological  Survey 
(USGS,  1996).  This  TS  focused  on  the  impact  of  dissolved  CAHs  on  groundwater  and 
surface  water  at  and  downgradient  from  the  site.  Site  history  and  the  results  of  soil, 
groundwater,  and  surface  water  investigations  conducted  previously  also  are  summarized 
in  this  report. 

The  chlorinated  solvent  plume  at  OU-1  exhibits  conditions  of  anaerobic  reductive 
dechlorination,  where  the  primary  source  of  biologically  available  organic  carbon  is 
anthropogenic  fuel  hydrocarbons  (BTEX).  Typical  of  these  conditions  is  a  decrease  in 
concentrations  of  TCE,  an  increase  in  cis-l,2-DCE,  and  eventually  the  accumulation  of 
VC.  Some  of  these  characteristics  are  observed  at  the  OU-1  site.  Much  of  the  TCE  has 
been  effectively  degraded  to  cis-l,2-DCE  by  reductive  dechlorination.  However,  the 
occurrence  of  this  process  is  limited  to  the  general  source  area  and  core  of  the  TCE 
plume.  As  a  result,  the  parent  CAH  (TCE)  still  comprises  the  majority  of  the 
contamination  present  throughout  most  of  the  plume.  The  lack  of  VC  in  groundwater  at 
OU-1  indicates  that  reductive  dechlorination  is  not  proceeding  past  the  initial  step  that 
involves  the  transformation  of  TCE  to  DCE. 

The  evidence  supporting  the  localized  occurrence  of  TCE  biodegradation  is 
summarized  below: 

•  The  presence  of  TCE  biodegradation  metabolites  (e.g.,  cw-l,2-dichloroethene 
[DCE]),  which  were  not  used  in  Base  operations,  in  groundwater  in  the  source  area 
and  central  portion  of  the  TCE  plume  is  a  direct  indication  that  TCE  is  being 
reductively  dechlorinated  in  these  areas; 

•  The  presence  of  elevated  chloride  concentrations  in  the  southeastern 
(downgradient)  portion  of  the  TCE  plume  suggests  that  reductive  dechlorination 

.  reactions  have  occurred  in  the  source  area  and  central  portions  of  the  TCE  plume, 
and  that  resultant  chloride  has  migrated  in  the  direction  of  groundwater  flow; 

•  Dissolved  oxygen,  oxidation/reduction  potential,  nitrate/nitrite  concentrations,  and 
dissolved  hydrogen  data  indicate  that  the  groundwater  environment  is  anaerobic, 
but  not  optimally  reducing,  in  the  source  area  and  central  portion  of  the  TCE 
plume,  and  therefore  is  more  conducive  to  the  occurrence  of  moderate  rates  of 
reductive  dechlorination; 
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•  Volatile  fatty  acid  detection  near  the  source  area  suggest  moderate  recent  microbial 
activity  in  this  area. 

Additional  data  collected  in  April  1999  indicate  the  TCE  and  cis-l,2-DCE  plumes  are 
stable  with  little  change  in  the  extent  of  TCE  and  cis-l,2-DCE,  although  some  vertical 
expansion  was  observed.  The  contaminant  plume  also  shows  indications  of  less  reducing 
conditions  in  1999  with  an  increase  in  nitrate  concentrations,  an  increase  in  redox 
potential,  and  a  decrease  in  methane  concentrations.  The  stability  of  the  cis-1.2-DCE 
plume  observed  in  April  1999  suggests  that  cis-l,2-DCE  may  degrade  by  aerobic 
oxidation  or  cometabolism  (which  do  not  produce  VC)  further  downgradient  under  more 
aerobic  conditions. 

An  important  component  of  this  study  was  an  assessment  of  the  potential  for 
contamination  in  groundwater  to  migrate  from  the  source  area  to  potential  receptor 
exposure  points  at  concentrations  above  regulatory  levels  intended  to  be  protective  of 
human  health  and  the  environment.  To  accomplish  this  study  objective,  the  numerical 
model  codes  MODFLOW  and  MT3D-®  were  used  to  estimate  the  impacts  of  planned 
and  probable  engineered  remedial  actions  on  the  future  migration  and  persistence  of 
dissolved  CAHs  within  the  surficial  water-bearing  zone  under  the  influence  of  advection, 
dispersion,  sorption,  and  biodegradation.  Input  parameters  for  the  numerical  model  were 
obtained  from  existing  site  characterization  data,  supplemented  with  data  collected  during 
the  RNA  TS.  Model  parameters  that  were  not  measured  at  the  site  were  estimated  using 
reasonable  literature  values. 

Two  remedial  alternatives  were  simulated  using  the  calibrated  numerical  model. 
Alternative  1  simulated  the  effects  of  RNA  with  no  engineered  remediation.  Alternative 
2  simulated  the  combined  effects  of  RNA  with  dual-phase  extraction  (DPE)  (source 
reduction  through  groundwater  and  soil  vapor  extraction)  near  the  source  area. 

Model  simulations  indicate  that  substantial  plume  migration  could  occur,  and  that  the 
plume  could  potentially  migrate  to  the  Base  boundary  and  Stinking  Creek  without  source 
reduction  activities  (Alternative  1).  In  addition,  the  plume  could  persist  for  all  intents  and 
purposes  indefinitely.  However,  model  results  suggest  that  drinking  water  standards  and 
aquatic  life  criteria  would  not  be  exceeded  in  the  creek  at  any  time  during  the  Alternative 
1  simulation.  Model  simulations  performed  using  a  rate  of  source  decay  that  could  be 
expected  for  DPE  (Alternative  2)  indicates  that  the  plume  may,  nevertheless,  migrate 
downgradient  to  the  Base  boundary.  However,  under  Alternative  2,  central  plume 
concentrations  will  be  considerably  decreased  within  3  years  of  system  operation,  thereby 
decreasing  the  life  expectancy  of  the  plume. 

Observed  BTEX  and  CAH  plume  behavior  in  April  1999  have  not  exceeded  the 
conservative  predictions  made  using  the  numerical  models  developed  in  this  TS  report. 
However,  because  of  the  predicted  longevity  of  the  dissolved  contaminant  plume  under 
Alternative  1,  implementation  of  Alternative  2  (RNA,  DPE,  institutional  controls,  and 
LTM)  should  be  considered.  Performance  of  LTM  would  be  used  to  confirm  the  success 
of  the  DPE  system  in  reducing  source  area  contamination  as  well  as  to  monitor  the 
downgradient  migration  of  the  plume. 

To  assess  the  effectiveness  of  natural  processes  at  reducing  contaminant  mass  and 
minimizing  contaminant  migration,  groundwater  and  surface  water  sampling  should 
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continue  on  an  annual  basis  for  approximately  5  years,  followed  by  less  frequent 
sampling  (e.g.,  every  other  year).  The  LTM  plan  should  be  periodically  reevaluated  and 
modified  as  necessary  on  the  basis  of  newly  obtained  data.  If  the  data  collected  at  any 
time  during  the  monitoring  period  indicate  the  need  for  additional  remedial  activities  at 
the  site,  sampling  frequency  should  be  adjusted  accordingly,  and  the  appropriate  remedial 
actions  (e.g.,  plume  containment  at  the  Base  boundary)  should  be  implemented. 
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SECTION  1 


INTRODUCTION 


This  report,  prepared  by  Parsons  Engineering  Science,  Inc.  (Parsons  ES),  presents  the 
results  of  a  treatability  study  (TS)  conducted  to  evaluate  the  use  of  remediation  by  natural 
attenuation  (RNA)  for  groundwater  contaminated  with  chlorinated  aliphatic  hydrocarbons 
(CAHs)  at  a  portion  of  Operable  Unit  1  (OU-1),  including  Landfill  3  (LF  3)  and  the 
petroleum,  oils,  and  lubricants  (POL)  Tank  Sludge  Burial  area,  collectively  known  as 
Landfill  04  (LF-04),  located  at  Altus  Air  Force  Base  (AFB),  Oklahoma.  As  used  in  this 
report,  RNA  refers  to  a  management  strategy  that  relies  on  natural  attenuation 
mechanisms  to  remediate  contaminants  dissolved  in  groundwater  and  to  control  receptor 
exposure  risks  associated  with  contaminants  in  the  subsurface.  The  United  States 
Environmental  Protection  Agency  (USEPA)  Offices  of  Research  and  Development 
(ORD)  and  Solid  Waste  and  Emergency  Response  (OSWER)  define  natural  attenuation 
as  (Wilson,  1996): 

The  biodegradation,  dispersion,  sorption,  volatilization,  and/or  chemical  and 
biochemical  stabilization  of  contaminants  to  effectively  reduce  contaminant  toxicity, 
mobility,  or  volume  to  levels  that  are  protective  of  human  health  and  the  ecosystem. 

As  suggested  by  this  definition,  mechanisms  for  natural  attenuation  of  CAHs  include 
both  destructive  and  non-destructive  processes.  Non-destructive  processes  may  reduce 
contaminant  toxicity,  mobility,  volume,  or  concentration;  however,  mass  is  unaffected. 
Of  these  processes,  biodegradation  is  the  most  common  mechanism  working  to  transform 
fuel  hydrocarbons  and  chlorinated  solvents  into  innocuous  byproducts.  Contaminant 
destruction  occurs  through  biodegradation  when  indigenous  microorganisms  work  to 
bring  about  a  reduction  in  the  total  mass  of  contamination  in  the  subsurface  without 
engineered  intervention  (e.g.,  the  addition  of  nutrients).  Patterns  and  rates  of  natural 
attenuation  can  vary  markedly  from  site  to  site  depending  on  governing  physical  and 
chemical  processes. 

RNA  is  advantageous  for  the  following  reasons: 

•  Contaminants  can  be  transformed  to  innocuous  byproducts  (e.g.,  carbon  dioxide, 
ethene,  or  water),  not  just  transferred  to  another  phase  or  location  within  the 
environment; 

•  Current  pump-and-treat  technologies  are  energy-intensive  and  generally  not  as 
effective  in  reducing  residual  contamination; 
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•  The  process  is  nonintrusive  and  allows  continuing  use  of  infrastructure  during 
remediation; 

•  Engineered  remedial  technologies  may  pose  a  greater  risk  to  potential  receptors 
than  RNA  (e.g.,  contaminants  may  be  transferred  into  another  medium  during 
remediation  activities);  and 

•  RNA  can  be  less  costly  than  conventional,  engineered  remedial  technologies. 

A  potential  disadvantage  of  RNA  is  that,  in  some  cases,  natural  attenuation  rates  are 
too  slow  to  make  RNA  a  practical  remedial  alternative.  In  addition,  biodegradation  of 
highly  chlorinated  compounds,  such  as  trichloroethene  (TCE),  can  produce  relatively 
more  toxic  intermediates,  such  as  vinyl  chloride.  Under  certain  geochemical  conditions, 
vinyl  chloride  may  accumulate  in  the  subsurface  rather  than  be  transformed  to  innocuous 
byproducts. 

The  main  emphasis  of  the  work  described  herein  was  to  evaluate  the  potential  for 
naturally  occurring  degradation  mechanisms  to  reduce  dissolved  CAH  concentrations  in 
groundwater  to  levels  that  are  protective  of  human  health  and  the  environment.  This  TS 
report  is  not  intended  to  be  a  contamination  assessment  report  or  a  remedial  action  plan; 
rather,  it  is  provided  for  the  use  of  the  Base  and  its  prime  environmental  contractor(s)  as 
information  to  be  used  for  future  decision  making  regarding  this  site. 

1.1  SCOPE  AND  OBJECTIVES 

Parsons  ES,  in  conjunction  with  researchers  at  the  USEPA  National  Risk  Management 
Research  Laboratory  (NRMRL),  was  retained  by  the  United  States  (US)  Air  Force  Center 
for  Environmental  Excellence  (AFCEE)  Technology  Transfer  Division  to  conduct  site 
characterization  and  groundwater  modeling  to  evaluate  the  scientific  defensibility  of 
RNA  with  long-term  monitoring  (LTM)  as  a  remedial  option  for  contaminated 
groundwater  at  LF-04. 

Performance  of  the  following  tasks  was  required  in  order  to  fulfill  the  project 
objectives: 

•  Reviewing  existing  hydrogeologic  and  soil  and  groundwater  quality  data  for  the 
site; 

•  Conducting  supplemental  site  characterization  activities  to  more  thoroughly 
characterize  the  nature  and  extent  of  soil,  surface  water,  and  groundwater 
contamination; 

•  Collecting  geochemical  data  in  support  of  natural  attenuation; 

•  Developing  a  conceptual  hydrogeologic  model  of  the  shallow  saturated  zone, 
including  the  current  distribution  of  contaminants; 

•  Evaluating  site-specific  data  to  determine  whether  naturally  occurring  processes  of 
contaminant  attenuation  and  destruction  are  occurring  in  groundwater  at  the  site; 
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•  Designing  and  calibrating  a  groundwater  flow  and  contaminant  fate  and  transport 
model  for  the  site; 

•  Simulating  the  fate  and  transport  of  CAHs  in  groundwater  under  the  influence  of 
advection,  dispersion,  adsorption,  and  biodegradation  using  the  calibrated  model; 

•  Evaluating  a  range  of  model  input  parameters  to  determine  the  sensitivity  of  the 
model  to  those  parameters  and  to  consider  several  contaminant  fate  and  transport 
scenarios; 

•  Determining  if  natural  processes  are  minimizing  dissolved  CAH  plume  expansion 
so  that  groundwater  and  surface  water  quality  standards  can  be  met  at  downgradient 
points  of  compliance  (POCs); 

•  Conducting  an  exposure  pathways  analysis  for  potential  current  and  future 
receptors; 

•  Developing  remedial  action  objectives  and  reviewing  available  remedial 
technologies  for  treating  groundwater  containing  dissolved  CAHs; 

•  Using  the  results  of  modeling  to  recommend  the  most  appropriate  remedial  option 
based  on  specific  effectiveness,  implementability,  and  cost  criteria;  and 

•  Developing  a  LTM  plan  that  includes  LTM  and  POC  wells  and  a  sampling  and 
analysis  plan. 

Site  characterization  activities  conducted  for  this  TS  in  support  of  RNA  were 
performed  in  accordance  with  the  project  work  plan  (Parsons  ES,  1997).  These  activities 
included  the  collection  of  soil  samples  and  installation  of  groundwater  monitoring  points 
using  a  Geoprobe®;  collection  of  soil  samples  and  installation  of  groundwater  monitoring 
wells  using  a  hollow-stem  auger  drill  rig;  measurement  of  static  groundwater  levels; 
collection  and  analysis  of  surface  water  samples;  aquifer  testing;  and  collection  and 
analysis  of  groundwater  samples  from  pre-existing  monitoring  wells,  newly  installed 
monitoring  wells,  and  newly  installed  monitoring  points. 

Additional  groundwater  sampling  was  performed  by  the  USEPA  NRMRL  in  April 
1999.  Data  for  this  event  were  not  availbalb  efor  analysis  in  preparation  of  this  TS,  but 
have  been  evaluated  in  an  addendum  to  this  TS  (Appendix  H).  Results  of  the  addendum 
have  been  incorporated  into  the  Executive  Summary  and  Section  8,  Conclusions  and 
Recommendations. 

Site-specific  data  were  used  to  develop  a  groundwater  flow/solute  fate  and  transport 
model  for  the  site  and  to  conduct  a  preliminary  receptor  exposure  pathways  analysis.  The 
modeling  effort  was  used  to  predict  the  future  extent  and  concentrations  of  the  dissolved 
CAH  plume  by  modeling  the  combined  effects  of  advection,  dispersion,  sorption,  and 
biodegradation.  Results  of  the  model  were  used  to  predict  future  discharge  to  surface 
water,  to  assess  the  potential  for  completion  of  other  exposure  pathways  involving 
groundwater,  and  to  identify  whether  RNA  with  LTM  is  an  appropriate  and  defensible 
remedial  option  for  contaminated  groundwater,  possibly  in  conjunction  with  engineered 
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remedial  actions.  The  results  will  be  used  to  provide  technical  support  for  the  RNA  with 
LTM  remedial  option  during  regulatory  negotiations,  as  appropriate. 

Alternate  remedial  options  were  considered  to  identify  the  major  advantages  and 
disadvantages  associated  with  different  groundwater  remedial  strategies.  Hydrogeologic 
and  groundwater  chemical  data  necessary  to  evaluate  these  remedial  options  were  either 
collected  under  this  program,  or  were  available  from  previous  site  investigations  or 
technical  literature.  Field  work  conducted  under  this  program,  however,  was  oriented 
toward  the  collection  of  supplementary  hydrogeologic  and  chemical  data  necessary  to 
document  and  model  the  effectiveness  of  RNA  with  LTM  for  restoration  of  CAH- 
contaminated  groundwater. 

This  TS  contains  nine  sections,  including  this  introduction,  and  six  appendices. 
Section  2  summarizes  site  characterization  activities.  Section  3  summarizes  the  physical 
characteristics  of  the  study  area.  Section  4  describes  the  nature  and  extent  of  soil, 
groundwater,  and  surface  water  contamination,  and  the  geochemical  evidence  of 
contaminant  biodegradation  in  groundwater  at  the  site.  Section  5  describes  the  fate  and 
transport  model  and  design  of  the  conceptual  hydrogeologic  model  for  the  site;  lists 
model  assumptions  and  input  parameters;  and  describes  sensitivity  analyses,  model 
output,  and  the  modeling  results.  Section  6  presents  a  comparative  analysis  of  remedial 
alternatives.  Section  7  presents  the  LTM  plan  for  the  site.  Section  8  presents  the 
conclusions  of  this  work  and  provides  recommendations  for  further  work  at  the  site. 
Section  9  lists  the  references  used  to  develop  this  document. 

Appendix  A  contains  pertinent  tables  and  figures  from  previous  reports  and 
unpublished  data.  Appendix  B  contains  Geoprobe®  borehole  logs,  hollow-stem  auger 
drill  rig  borehole  logs,  monitoring  well/point  construction  diagrams,  well  development 
and  sampling  forms,  aquifer  test  results,  and  survey  data.  Appendix  C  presents  soil, 
surface  water,  and  groundwater  analytical  results  that  were  used  in  the  preparation  of  this 
report  and  collected  as  a  part  of  this  TS.  Appendix  D  contains  model  input  parameters, 
calculations  related  to  model  calibration,  and  model  sensitivity  analysis  results. 
Appendix  E  contains  model  input  and  output  in  American  Standard  Code  for  Information 
Interchange  (ASCII)  format  on  a  diskette.  Appendix  F  contains  calculations  for  remedial 
option  design  and  costing.  Appendix  G  contains  responses  to  comments  on  the  Draft  TS, 
and  Appendix  H  contains  the  Final  Addendum  to  this  Treatability  Study. 

1.2  FACILITY  BACKGROUND 

Altus  AFB  occupies  an  area  of  over  2,500  acres  in  eastern  Jackson  County,  Oklahoma. 
It  is  bordered  by  the  city  of  Altus  on  the  west,  Highway  62  on  the  south,  and  agricultural 
land  on  the  north  and  east  (Figure  1 .1). 

Altus  AFB  began  operating  as  a  flight-training  Base  in  1942.  The  Base  was 
deactivated  5  days  after  the  completion  of  the  European  phase  of  World  War  II,  and  was 
given  to  the  city  of  Altus  for  use  as  a  municipal  airport  (US  Geological  Survey  [USGS], 
1996).  At  the  beginning  of  the  Korean  conflict,  Altus  AFB  was  reactivated  under  the 
Tactical  Air  Command  (TAC)  in  January  1953.  In  late  1953,  the  Strategic  Air  Command 
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(SAC)  was  given  control  of  the  Base.  The  577th  Strategic  Missile  Squadron  was 
assigned  to  the  Base  between  1961  and  1965. 

In  1968,  control  of  Altus  AFB  was  transferred  to  the  Military  Airlift  Command 
(MAC),  and  the  Base  became  the  training  center  for  the  C-5A  transport  aircraft.  Since 
1968,  the  primary  mission  of  Altus  AFB  has  been  training  aircraft  crews  for  SAC  and 
MAC  operations.  On  July  1,  1992,  MAC  became  the  Air  Mobility  Command  (AMC).  In 
late  1992,  land  northeast  of  Altus  AFB  was  acquired  by  the  Base  to  allow  for  the 
construction  of  new  runways  and  taxiways  to  be  used  for  the  training  of  crews  for  C-17 
aircraft.  On  July  1,  1993,  Altus  AFB  was  transferred  from  AMC  to  the  Air  Education 
Training  Command  (AETC).  'Aircraft  currently  assigned  to  the  Base  include  C-5,  C-17, 
and  C-141  transport,  KC-135  tanker,  and  T-37  training  aircraft. 

LF-04,  located  on  approximately  15  acres  in  the  northeastern  portion  of  Altus  AFB 
(Figure  1.2),  operated  from  1956  through  1983.  LF-04  includes  LF  3  and  the  POL  Tank 
Sludge  Burial  area.  LF  3  is  located  at  the  eastern  end  of  Taxiway  3,  and  the  POL  Tank 
Sludge  Burial  area  is  located  north  of  LF  3  (Figure  1.3).  LF-04  is  bordered  by  the  Ozark 
4.6  lateral  irrigation  canal  on  the  west  and  south,  Stinking  Creek  on  the  northeast,  an 
unnamed  drainage  canal  on  the  north,  and  the  old  Base  boundary  and  Taxiway  "M”  on 
the  east.  In  March  1993,  Stinking  Creek  was  temporarily  rechanneled  to  flow  east  from 
LF-04  during  the  construction  of  new  runways  and  taxiways  (USGS,  1996).  The 
construction  was  completed  in  August  1994,  and  Stinking  Creek  has  been  returned  to  its 
original  channel. 

From  1956  to  1965,  the  LF  3  portion  of  LF-04  received  waste  materials  including 
garbage,  wood,  metal,  paper,  and  shop  wastes.  After  1965,  LF  3  (also  known  as  Solid 
Waste  Management  Unit  [SWMU]  7),  received  construction  debris,  concrete,  brush,  and 
several  drums  of  paint  waste  (PRC  Environmental  Management,  Inc.  [PRC],  1990).  The 
sludge  burial  area  located  in  the  northern  portion  of  LF-04  received  POL  tank  sludge 
from  the  1950s  through  the  1970s.  Through  the  early  1960s,  it  was  common  practice  to 
bum  waste  materials  prior  to  disposal. 

From  1956  to  1965,  waste  at  LF  3  was  buried  in  trenches  with  an  east-west  orientation 
and  depths  ranging  from  6  to  8  feet  below  land  surface  (bis).  After  1965,  waste  was 
buried  6  feet  bis  in  trenches  with  a  north-south  orientation.  POL  tank  sludge  waste  was 
buried  3  feet  bis  at  the  northern  and  northwestern  edges  of  LF-04  (PRC,  1990). 

LF-04  is  one  portion  of  OU-1.  Other  sites  within  OU-1  that  have  been  investigated 
include  Fire  Training  Area  3  (FT-03),  Fire  Training  Area  4  (FT-07),  and  the  Skeet  and 
Trap  Range  (Figure  1.3).  Because  these  sites  are  upgradient  from  LF-04,  groundwater 
contamination  potentially  migrating  as  far  as  LF-04  was  evaluated  as  part  of  this  LF-04 
investigation.  Interactions  between  contaminant  plumes  were  examined,  and  the  leading 
edge  of  contamination  for  the  entire  OU  was  investigated. 

1.3  PREVIOUS  INVESTIGATIONS 

From  1989  tlirough  1991,  an  Installation  Restoration  Program  (IRP)  Phase  I  Remedial 
Investigation  (RI)  was  conducted  for  IRP  Sites  01  through  10  (USGS,  1992).  LF-04  was 
included  in  the  Phase  I  RI  as  IRP  Site  04.  Electromagnetic  conductivity  and 
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magnetometer  surveys  were  conducted.  Six  boreholes  were  augered  at  LF-04,  five  of 
which  were  completed  as  wells  WL018  through  WL022.  Soil  samples  were  obtained 
from  the  drill  cuttings  and  analyzed  for  metals.  Sediment  and  surface  water  samples  were 
obtained  from  four  locations  adjacent  to  LF-04,  in  an  irrigation  canal,  a  drainage  ditch, 
and  Stinking  Creek  (CHOOl,  CH002,  RVOOl,  and  RV002).  Sediment  samples  were 
screened  for  total  petroleum  hydrocarbons  (TPH)  and  analyzed  for  volatile  organic 
compounds  (VOCs)  by  USEPA  Method  SW8240.  TPH  at  one  location  was  the  only 
detected  analyte.  Surface  water  samples  were  analyzed  for  VOCs  using  Method 
SW8240.  1,1,1-Trichloroethane  (TCA)  and  1,2-dichloroethane  (DCA)  were  detected  in 
samples  at  concentrations  less  than  2  pg/L.  Groundwater  samples  were  collected  from 
the  five  wells  (WL018  through  WL022)  in  July  1989  and  February  1991,  and  were 
analyzed  by  Method  418.1  for  TPH,  by  USEPA  Method  601  for  CAHs,  and  for  general 
water  quality  parameters.  Concentrations  of  TCE,  trans-\,2-T>CE,  and  TPH  were 
detected.  TCE  concentrations  detected  in  groundwater  samples  obtained  during  the  1991 
sampling  event  decreased  or  remained  constant  in  relation  to  1989  results.  A  summary  of 
the  analytical  data  is  provided  in  Appendix  A.  During  Phase  I  RI  groundwater  sampling 
activities,  groundwater  and  surface  water  samples  also  were  screened  for  water 
temperature,  pH,  specific  conductance,  chloride,  sulfate,  nitrate  nitrogen,  fluoride, 
carbonate  and  bicarbonate  alkalinity,  total  dissolved  solids  (TDS),  and  cations  (USGS, 
1992). 

In  1992,  an  Initial  Landfill  Investigation  was  conducted  as  a  part  of  the  C-17 
Shortfleld  Assault  Strip/Parallel  Runway  Project  (US  Army  Corps  of  Engineers 
[US ACE],  1992).  This  preliminary  site  investigation  (SI)  was  conducted  at  five  landfills, 
including  LF-04.  The  purpose  of  the  SI  was  to  determine  the  boundaries  and  contents  of 
the  landfills  and  to  determine  the  potential  impact  of  the  landfills  to  the  proposed  C-17 
project.  A  series  of  trenches  was  dug  along  the  eastern  boundary  of  LF-04.  Soil  samples 
from  the  trenches  were  analyzed  for  VOCs,  semivolatile  organic  compounds  (SVOCs), 
total  recoverable  petroleum  hydrocarbons  (TRPH),  and  metals.  One  soil  sample  from  the 
POL  Tank  Sludge  Burial  area  was  analyzed  for  all  toxicity  characteristic  leaching 
procedure  (TCLP)  parameters.  Four  monitoring  wells  (WL-049  through  WL-052)  were 
installed  south  of  LF-04.  Groundwater  samples  from  these  wells  were  analyzed  for 
VOCs,  SVOCs,  metals,  total  anions,  and  total  cations.  TCE  was  the  only  VOC  detected 
above  laboratory  detection  limits  (111  pg/L  at  WL049)  (US ACE,  1992). 

In  1993,  TARGET  Environmental  Services,  Inc.  (TARGET,  1993)  conducted  soil  gas 
and  groundwater  sampling  surveys  at  Altus  AFB,  including  LF-04.  Fifty-four 
groundwater  samples  were  collected  from  temporary  points  in  the  area  of  LF-04  in  June 
1993  (TARGET,  1993).  The  locations  are  prefixed  “4”  or  “DC”  denoting  IRP  Site  4  (LF- 
04)  or  the  drainage  canal  which  runs  through  the  area  (Figure  1.4).  The  groundwater  and 
soil  gas  samples  were  analyzed  for  benzene,  toluene,  ethylbenzene  and  xylenes  (BTEX) 
and  CAHs.  Groundwater  samples  were  analyzed  on  site  in  TARGET’S  mobile  laboratory 
by  USEPA  Methods  SW8010  (VOCs)  and  SW8020  (BTEX).  Vinyl  chloride  (VC)  was 
not  analyzed  for  during  the  SW8010  analysis.  TCE  was  the  most  frequently  detected 
analyte,  found  in  33  of  the  54  groundwater  samples  obtained  in  June  1993  from  locations 
in  the  LF-04  area.  m-l,2-DCE  was  detected  in  25,  and  tmns-\,2-DCE  was  detected  in 
12  of  the  groundwater  samples  (Appendix  A).  The  highest  concentrations  of  TCE,  cis- 
1,2-DCE,  and  trans-l,2-T>CE  were  observed  in  groundwater  samples  collected  from 
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locations  near  sampling  location  4-5-W.  TCE  concentrations  ranged  up  to  1,090 
micrograms  per  liter  (pg/L)  in  the  sample  from  this  point,  c/5-1, 2-DCE  concentrations 
were  generally  significantly  higher  the  rra7/5-l,2-DCE  concentrations.  No  other 
chlorinated  solvent  analytes  were  detected  in  the  groundwater  samples.  BTEX  was  not 
detected  in  any  of  the  54  groundwater  samples  from  the  LF-04  area.  Summarized 
laboratory  analytical  results  are  presented  in  Appendix  A. 

Phase  II  of  the  RI  was  conducted  for  OU-1  from  September  1992  to  September  1993 
(USGS,  1996).  During  the.  Phase  II  RI  (USGS,  1996),  16  boreholes  were  drilled  along  a 
north-south  axis  near  the  eastern  boundary  of  LF-04  at  100-foot  intervals  (Figure  1.4). 
The  boreholes  were  designated  S4H1  through  S4H16.  The  total  depths  of  the  boreholes 
ranged  from  15  to  24  feet  bis.  Groundwater  samples  were  obtained  from  the  boreholes  in 
November  1992  and  analyzed  on  site  for  BTEX  and  CAHs,  including  tetrachloroethene 
(PCE),  TCE,  cis-  and  r7-fl«5-l,2-DCE,  and  VC.  TCE  was  detected  in  15  of  the  16 
groundwater  samples  at  concentrations  ranging  up  to  5,800  pg/L.  c/5-l,2-DCE  was 
detected  in  12  of  the  groundwater  samples,  with  a  maximum  concentration  of  1,700  pg/L. 
Detected  less  frequently  and  at  lower  concentrations  was  /ra//5-l,2-DCE,  at 
concentrations  ranging  to  250  pg/L.  PCE  was  detected  in  three  of  the  groundwater 
samples.  Benzene  and  toluene  were  the  only  fuel  hydrocarbon  compounds  detected. 
Both  were  detected  at  concentrations  near  method  detection  limits  and  well  below 
regulatory  levels.  The  groundwater  samples  from  the  boreholes  also  were  sent  to  a 
laboratory  for  similar  analyses.  Results  were  comparable  to  those  of  the  onsite  analyses, 
although  CAHs  were  generally  detected  at  higher  concentrations  in  the  laboratory 
samples,  and  were  more  frequently  detected  during  onsite  analyses.  Laboratory  results 
indicated  that  TCE  was  detected  in  14  groundwater  samples,  with  a  maximum 
concentration  of  15,000  pg/L  (S4H5).  Isomers  of  DCE  were  not  individually  analyzed, 
but  total  DCE  was  found  to  be  present  in  nine  of  the  groundwater  samples,  with  a 
maximum  concentration  of  2,800  pg/L  (S4H5).  No  other  analytes  were  detected. 

In  September  1993,  five  monitoring  wells,  WL018  through  WL022,  were  sampled. 
The  groundwater  samples  were  analyzed  for  VOCs,  including  CAHs  and  BTEX.  TCE 
and  total  DCE  were  detected  in  all  of  the  groundwater  samples.  TCE  and  total  DCE 
concentrations  ranged  up  to  930  pg/L  (WL019)  and  100  pg/L  (WL022),  respectively. 
One  sediment  sample  (RV003)  was  collected  from  a  location  south  of  (downstream  from) 
RV002  on  Stinking  Creek.  The  sediment  sample  was  analyzed  for  VOCs,  SVOCs,  major 
elements,  and  trace  elements.  No  VOCs  or  SVOCs  were  detected.  A  surface  water 
sample  was  collected  from  location  RV003  and  analyzed  for  VOCs  using  Method 
SW8240.  No  analytes  were  detected  in  the  surface  water  sample  from  RV003. 
Analytical  results  can  be  found  in  Appendix  A. 

An  environmental  investigation  was  performed  by  US  ACE  (1996)  using  the  Site 
Characterization  and  Analysis  Penetrometer  System  (SCAPS).  Sixty-eight  sampling 
points  were  installed  in  the  LF-04  area.  Fifty-eight  sampling  points  were  sampled,  and 
the  groundwater  samples  were  analyzed  for  VOCs  with  an  onsite  gas  chromatograph 
(GC).  Three  groundwater  samples  were  also  analyzed  for  nitrate  and  sulfate.  The  most 
recent  groundwater  investigation  to  be  completed  was  accomplished  during  the  SCAPS 
investigation  of  March  and  April  1996  (USACE,  1996).  Sixty-eight  temporary  wells, 
designated  SBOl  through  SB68  on  Figure  1.4,  were  installed  in  the  LF-04  area. 
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Groundwater  samples  were  collected  from  58  locations  (10  locations  were  dry)  and 
analyzed  using  an  on  site  GC.  TCE  again  was  the  most  commonly  detected  analyte, 
present  in  30  of  the  58  groundwater  samples.  The  highest  concentration  of  TCE  was 
greater  than  5,000  pg/L  (SB  15).  c/.s-l,2-DCE  was  detected  in  six  groundwater  samples, 
with  concentrations  ranging  up  to  800  pg/L  (SB  15).  trans-\,2-DCE  was  detected  in  4 
groundwater  samples.  The  groundwater  sample  from  SB  15  contained  the  highest  trans- 
1,2-DCE  concentration  at  34  pg/L.  No  other  VOCs  were  detected 

A  technology  evaluation, was  conducted  [Radian  International,  LCC  (Radian),  1996]  in 
September  1996.  One  extraction  well  (OU-1-01),  three  piezometers  (OU-1-02  through 
OU-1-04),  and  three  vapor  p6ints  (OU-l-VPl  through  OU-1-VP3)  were  installed.  A 
vacuum-enhanced  groundwater  recovery  test  was  conducted,  including  measuring 
drawdown  and  obtaining  and  analyzing  soil  vapor  and  groundwater  samples. 

In  October  1996,  eight  monitoring  points  (four  clustered  pairs)  were  installed  by 
USAGE  (SB lows,  SBIOWD,  SBllWS,  SBllWD,  SB15WS,  SB15WD,  SB16WS,  and 
SB16WD).  These  monitoring  points  were  sampled  for  the  first  time  during  the  RNA  TS 
in  April  1997.  Analytical  results  for  these  samples  are  discussed  in  Section  4. 
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SECTION  2 

SITE  CHARACTERIZATION  ACTIVITIES 


This  section  presents  the  methods  used  by  Parsons  ES  personnel  to  collect  site-specific 
data  at  OU-1,  Altus  AFB,  Oklahoma.  To  meet  the  requirements  of  the  RNA 
demonstration,  additional  data  were  required  to  evaluate  near-surface  geology  and 
geochemistry,  aquifer  properties,  and  the  extent  of  soil,  surface  water,  and  groundwater 
contamination.  Site  characterization  activities  involved  using  the  Geoprobe®  direct-push 
system  for  soil  sample  collection  and  temporary  groundwater  monitoring  point 
installation,  and  using  a  hollow-stem  auger  drill  rig  for  soil  sample  collection  and 
groundwater  monitoring  well  installation.  Groundwater  samples  were  collected  during 
this  investigation  from  both  newly  installed  and  previously  installed  monitoring  points 
and  wells.  Hydraulic  conductivity  (slug)  tests  were  conducted  at  selected  site  monitoring 
wells.  Previously  collected  data  and  data  collected  under  this  program  were  integrated  to 
develop  the  conceptual  hydrogeologic  site  model  and  to  aid  with  interpretation  of  the 
physical  setting  (Section  3)  and  contaminant  distribution  (Section  4). 

Sampling  locations  for  the  RNA  TS  are  indicated  on  Figure  2.1,  and  a  summary  of 
activities  conducted  during  the  RNA  TS  at  each  location  is  provided  in  Table  2.1.  The 
following  sections  describe  the  procedures  that  were  followed  when  collecting  site- 
specific  data  for  this  TS.  Additional  details  regarding  investigative  activities  are 
presented  in  the  work  plan  (Parsons  ES,  1997). 

Following  the  RNA  TS,  a  deep  monitoring  well  (OOOIUl-MWl)  was  installed  by 
Woodward-Clyde  Consultants  (WCC)  at  OU-1.  Construction  details  for  OOOIUl-MWl 
are  provided  in  Table  2.2,  and  boring  logs  and  analytical  data  are  presented  in  Appendix 


2.1  SOIL  SAMPLE  COLLECTION  AND  GROUNDWATER  MONITORING 
WELL/POINT  INSTALLATION 

2.1.1  Pre-Drilling  Activities 

All  subsurface  utility  lines  or  other  man-made  subsurface  features  were  located,  and 
proposed  borehole  locations  were  cleared  and  approved  by  the.  Base  prior  to  any  drilling 
activities. 

2.1.2  GEOPROBE®  FIELD  ACTIVITIES 

The  Geoprobe®  system  is  a  hydraulically  powered,  percussion  probing  machine  used 
to  advance  sampling  tools  through  unconsolidated  soils.  This  system  provides  for  the 
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TABLE  2.1  (concluded) 

SUMMARY  OF  TREATABILITY  STUDY  ACTIVITIES 
OlII 

REMEDIATION  BY  NATURAE  ATTENUATION  I  S 
ALTUS  AFB,  OKLAHOMA 


022/722450/ALTUS/l  .xls 


TABLE  2.2 

MONITORING  WELL  AND  POINT  COMPLETION  SUMMARY 

OU-l 

REMEDIATION  BY  NATURAL  ATTENUATION  TS 

_  ALTUS  AFB.  OKLAHOMA _ 

Well  Ground  Top  of  Casing  Total  Total  Depth  to  Screen  Top  of  Screen  Screen  Well 

Installation  Elevation  Elevation  Depth  Depth  Top  I  Bottom  Elevation  Length  Diameter 


Location  Date  (ft  amsl)^  (ft  amsl)  (ft  btoc)*^^  (ft  bls)*^  (ft  bis)  (ft  bis)  (ft  amsl)  (ft)  (inches) 


OU’l-Ol 

Sep-96 

1351.96 

1354.50 

24.5 

22.0 

6.0 

21.0 

1346.0 

15.0 

4.0 

OU-l -02 

Sep-96 

1352.10 

1354.61 

27.5 

25.0 

6.0 

23.5 

1346.1 

17.5 

2.0 

OU-l -03 

Sep-96 

1352.72 

"1355.04 

27.8 

25.5 

6.1 

23.6 

1346.6 

17.5 

2.0 

OU-l -04 

Sep-96 

1352.22 

1354.51 

27.3 

25.0 

6.1 

23.6 

1346.1 

17.5 

2,0 

OU-1-05 

Apr-97 

1352.21 

1354.43 

30.7 

28.5 

22.9 

27.9 

1329.3 

5.0 

2.0 

OU-1-06 

Apr-97 

1348.00 

1350.43 

25.8 

23.4 

18.1 

23.1 

1329.9 

5.0 

2.0 

OU-l-TWl 

Apr-97 

1356.00 

1355.81 

15.9 

16.1 

12.9 

16.1 

1343.2 

3.2 

0.5 

OU-1-TW2 

Apr-97 

1348.00 

1347.76 

14.0 

14.2 

11.0 

14.2 

1337.1 

3.2 

0.5 

OU-1-TW3 

Apr-97 

1353.09 

1352.80 

12.7 

13.0 

9.8 

13.0 

1343.3 

3,2 

0.5 

OU-1-TW4 

Apr-97 

1346.62 

1346.54 

8.1 

8.2 

5.0 

8.2 

1341.7 

3.2 

0.5 

OU1-TW5 

Apr-97 

1343.23 

1342.89 

11.8 

12.1 

8.9 

12.1 

1334.4 

3.2 

0.5 

OU-1-TW6 

Apr-97 

1341.74 

1341.33 

12.8 

13.2 

10.0 

13.2 

1331.8 

3.2 

0.5 

OU-1-TW7 

Apr-97 

1340.07 

1339.53 

12.3 

12.8 

9.6 

12.8 

1330.5 

3.2 

0.5 

OU-1-TW8 

Apr-97 

1350.04 

1349.78 

14.9 

15.2 

12.0 

15.3 

1338.1 

3.2 

0.5 

OU-1-TW9 

Apr-97 

1352.97 

1352.55 

13.4 

13.8 

10.6 

13.8 

1342.4 

3.2 

0.5 

OU-l-TWlO 

Apr-97 

1342.80 

1342.42 

8.0 

8.4 

5.2 

8.4 

1337.7 

3.2 

0,5 

OU-l-TWll 

Apr-97 

1348.52 

1348.18 

11. 1 

11.4 

8.2 

11.4 

1340.4 

3.2 

0.5 

OU-l-TWi3 

Apr-97 

1342.37 

1342.33 

13.1 

13.1 

9.9 

13.1 

1332.5 

3.2 

0.5 

OU-1-TW14 

Apr-97 

1342.52 

1342.22 

11.6 

11.9 

8.7 

11.9 

1333.9 

3.2 

0.5 

OU-1-TW15 

Apr-97 

1349.72 

1349.51 

17.1 

17.3 

14.1 

17.3 

1335.7 

3.2 

0.5 

OOOIUl-MWI 

May-97 

1352.6 

1355.8 

45.2 

42.0 

37.0 

42.0 

1315.6 

5.0 

2.0 

WL018 

Apr-89 

1353.14  1 

1356.39 

27.7 

24.4 

7.3 

21.3 

1345.8 

14.0 

2.0 

:  WL019 

Apr-89 

1354.12 

1356.62 

25.5 

23.0 

6.1 

20.1 

1348.0 

14.0 

2.0 

WL020 

Apr-89 

1359.08 

1362.37 

29.4 

26.1 

9.0 

23.0 

1350.1 

14.0 

2.0 

WL021 

Apr- 89 

1351.94 

1354.36 

26.0 

23,6 

6.7 

20.7 

1345.2 

14.0 

2.0 

WL022 

Apr-89 

1354.53 

NA 

23.5 

6.8 

20.8 

NA 

14.0 

2.0 

WL060 

Aug-93 

1344.67 

1346.81 

15.6 

13.5 

8.0 

13.0 

1336.7 

5.0 

2.0 

WL061 

Aug-93 

1337.07 

1340.92 

37.9 

34.0 

28.5 

33.5 

1308.6 

5.0 

2.0 

WL062 

Aug-93 

1338.21 

1340.80 

21.6 

19.0 

8.5 

18.5 

1329.7 

10.0 

2.0 

SB  lows 

Oct-96 

1355.64 

1355.32 

12.0 

12.3 

9.0 

12.0 

1346.6 

3.0 

0.5 

SBIOWD 

Oct-96 

1355.64 

1355.27 

21.3 

21.7 

18.0 

21.0 

1337.6 

3.0 

0.5 

SBllWS 

Oct-96 

1351.88 

1351.66 

11.8 

12.0 

8.8 

11.8 

1343.1 

3.0 

0.5 

SBllWD 

Oct-96 

1351.88 

1351.58 

20.0 

20.3 

17.0 

20.0 

1334.9 

3.0 

0.5 

SB15WS 

Oct-96 

1355.1  1 

1355.01 

7.0 

7.1 

4.0 

7^0 

1351.1 

3.0 

0.5 

SB15WD 

Oct-96 

1355.11 

1355.01 

18.2 

18.3 

15.3 

18.3 

1339.8 

3.0 

0.5 

SB16WS 

Oct-96 

1357.71 

1357.52 

12.3 

12.4 

9.3 

12.3 

1348.4 

3.0 

0.5 

SB16WD 

Oct-96 

1357.71 

1357.42 

24.1 

24.4 

21.1 

24.1 

1336.6 

3.0 

0.5 

""  ft  amsl  =  Feet  above  mean  sea  level.  ft  bis  =  Feet  below  land  surface, 

ft  btoc  =  Feet  below  top  of  casing.  ^NA  =  Not  available. 
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rapid  collection  of  soil,  soil  gas,  and  groundwater  samples  at  shallow  depths  while 
minimizing  the  generation  of  investigation-derived  waste  (IDW)  materials.  Figure  2.2  is 
a  diagram  of  the  Geoprobe®  system. 

Geoprobe®-related  field  work  occurred  from  April  7  through  15,  1997,  and  consisted 
of  soil  characterization,  soil  sample  collection,  and  groundwater  monitoring  point 
installation  at  monitoring  points  OU-l-TWl  through  OU-1-TW3,  OU-1-TW6  through 
OU-1-TW9,  OU-1-TW13,  and  OU-1-TW15.  These  activities  were  performed  according 
to  the  procedures  described  in  the  work  plan  (Parsons  ES,  1997)  and  in  the  following 
sections.  The  term  “monitoring  point”  is  used  in  this  report  to  distinguish  these 
groundwater  monitoring  stations  from  conventionally  constructed  monitoring  wells. 

Six  locations  proposed  for  monitoring  points  were  inaccessible  to  the  Geoprobe® 
system  due  to  heavy  rain.  Monitoring  points  OU-1-TW4,  TW5,  TWIO,  TWll,  and 
TW14  were  installed  by  hand-driving  the  boreholes  at  the  proposed  locations.  Attempts 
were  made  to  install  OU-1-TW12  in  a  hand-driven  borehole,  but  the  PVC  well  could  not 
be  installed  because  of  borehole  collapse. 

2.1.2. 1  Equipment  Decontamination 

Prior  to  arriving  at  the  site  and  between  each  monitoring  point  location,  all  probe  rods, 
tips,  sleeves,  pushrods,  samplers,  tools,  and  other  downhole  equipment  were 
decontaminated  using  an  Alconox®  detergent  and  potable  water  solution  followed  by  a 
potable  water  rinse.  Water  used  in  equipment  cleaning  was  obtained  from  an  on-Base 
potable  water  supply. 

2.1.2. 2  Soil  Sample  Collection  and  Analysis 

Soil  samples  were  collected  using  a  Geoprobe®  drive  sampler  as  boreholes  were 
advanced  at  each  monitoring  point  location.  The  probe-driven  sampler  serves  as  both  the 
driving  point  and  the  sample  collection  device  and  is  attached  to  the  leading  end  of  the 
probe  rods.  To  collect  a  soil  sample,  the  sampler  was  pushed  or  driven  to  the  desired 
sampling  depth,  and  the  stop  pin  was  removed,  allowing  the  piston  and  drive  point  to 
retract  as  the  sample  barrel  was  pushed  into  undisturbed  soil.  The  soil  cores  were 
retained  within  a  clear,  acetate  liner  inside  the  sampling  barrel.  The  probe  rods  were  then 
retracted,  bringing  the  sampling  device  to  the  surface. 

At  each  soil  borehole  location,  soil  samples  were  collected  and  logged  at  a  frequency 
of  at  least  every  5  feet.  After  visual  examination,  the  soil  sample  was  extruded  from  the 
liner,  transferred  to  analyte-appropriate  jars,  and  submitted  to  NRMRL  for  total  organic 
carbon  (TOC)  analysis  using  methods  RSKSOP-102  and  RSKSOP-120.  In  addition,  a 
portion  of  the  soil  sample  was  placed  in  an  unused,  clean,  glass  jar  for  photoionization 
detector  (PID)  headspace  measurements  of  ionizable  VOCs.  Soil  remaining  in  the 
sampler  was  used  for  stratigraphic  logging.  Jars  containing  soil  samples  collected  for  the 
headspace  screening  procedure  were  quickly  sealed  with  aluminum  foil  and  stored  for  at 
least  15  minutes  at  the  ambient  temperature.  Semiquantitative  measurements  were  made 
by  puncturing  the  jar  seal  with  the  PID  probe  and  reading  the  concentration  of  the 
headspace  gases.  The  PID  relates  the  concentration  of  total  VOCs  in  the  sample  to  an 
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isobutylene  calibration  standard.  The  PID  also  was  used  to  monitor  for  VOCs  in  the 
worker  breathing  zone. 

Screening  results  indicate  that  none  of  the  soil  samples  had  headspace  with  VOC 
concentrations  above  15  parts  per  million  by  volume  (ppmv);  therefore,  soil  samples  were 
sent  to  the  NRMRL  for  TOC  analysis  only.  Soil  samples  could  not  be  obtained  from  the 
hand-driven  boreholes. 

The  Parsons  ES  field  scientist  observed  Geoprobe®  sampling  and  monitoring  point 
installation  activities  and  maintained  a  descriptive  log  of  subsurface  materials  recovered. 
Final  geologic  borehole  logs  are  presented  in  Appendix  B.  The  excess  soils  generated 
during  monitoring  point  installation  and  sampling  were  drummed  along  with  the  soils 
generated  during  monitoring  well  installation  to  await  transport,  sampling,  analysis,  and 
disposal  by  the  Base. 

2. 1.2.3  Monitoring  Point  Installation 

Groundwater  monitoring  points  were  installed  in  14  boreholes  under  this  program. 
Detailed  monitoring  point  installation  procedures  are  described  in  the  following 
paragraphs. 

2. 1.2. 3.1  Materials 

Monitoring  point  completion  materials  were  inspected  by  a  Parsons  ES  field  scientist 
and  determined  to  be  clean  and  acceptable  prior  to  use.  All  monitoring  point  completion 
materials  were  factory-sealed  in  plastic  wrap.  Pre-packaged  casing,  sand,  bentonite,  and 
concrete  mix  were  used  in  point  construction,  and  the  bags  were  inspected  for  possible 
external  contamination  before  use.  Materials  that  could  not  be  cleaned  to  the  satisfaction 
of  the  field  scientist  were  not  used. 

2. 1.2. 3.2  Installation 

Boreholes  were  advanced  using  a  2.5-inch  outside-diameter  (OD)  Geoprobe®  pre¬ 
probe,  a  1-inch-OD  Geoprobe®  soil  sampler,  or  1-inch-OD  rods  used  for  hand-driving 
boreholes.  The  monitoring  points  were  constructed  of  Schedule  40  polyvinyl  chloride 
(PVC)  riser  pipe  connected  to  factory-slotted  PVC  screens  having  an  inside  diameter  (ID) 
of  0.5  inch.  The  PVC  points  were  placed  into  the  boreholes  after  the  pre-probe,  soil 
sampler,  or  rod  was  extracted.  All  PVC  casing  and  screen  sections  on  the  monitoring 
points  were  flush-threaded;  glued  joints  were  not  used.  The  riser  pipe  at  each  monitoring 
point  was  fitted  with  a  PVC  slip  cap.  The  bottom  of  the  screen  was  fitted  with  a  metal  tip 
and  a  seal  was  created  with  a  rubber  o-ring.  Monitoring  point  screens  constructed  of 
PVC  were  3.2  feet  long,  and  factory-slotted  with  0.010-inch  openings.  Collapsing  soils 
prevented  the  placement  of  the  PVC  screen  and  riser  after  extraction  of  the  1-inch-OD 
rods  during  the  attempted  installation  of  OU-1-TW12. 

The  field  scientist  verified  and  recorded  the  borehole  depth  and  the  lengths  of  all 
casing  and  screen  sections.  All  lengths  and  depths  were  measured  to  the  nearest  0. 1  foot. 
Monitoring  point  construction  records  are  included  in  Appendix  B.  Monitoring  point 
construction  details  are  summarized  in  Table  2.2. 
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2. 1.2. 3. 3  Development 


Before  being  sampled,  newly  installed  monitoring  points  were  developed.  Typically, 
development  removes  sediment  from  inside  the  well  casing  and  flushes  fines,  cuttings, 
and  drilling  fluids  from  the  sand  pack  and  the  portion  of  the  formation  adjacent  to  the 
well  screen.  Use  of  the  Geoprobe®  system  to  place  monitoring  points  eliminates  cuttings 
and  drilling  fluids.  Therefore,  development  of  monitoring  points  was  primarily  intended 
to  minimize  the  amount  of  fine  sediment  that  might  accumulate  in  the  casing. 

Development  was  accomplished  using  a  peristaltic  pump  with  dedicated  silicon  and 
high-density  polyethylene  (HDPE)  tubing.  The  pump  tubing  was  regularly  lowered  to  the 
bottom  of  the  monitoring  points  so  that  fines  were  agitated  and  removed  from  the  point  in 
the  development  water.  Development  was  continued  until  at  least  10  casing  volumes  of 
water  were  removed,  and  the  pH,  temperature,  dissolved  oxygen  (DO), 
oxidation/reduction  potential  (ORP),  and  conductivity  of  the  groundwater  had  stabilized 
or  until  the  monitoring  point  had  been  purged  dry.  Monitoring  point  development 
records  are  included  in  Appendix  B. 

2.1.3  Hollow-Stem  Auger  Drill  Rig  Field  Activities 

Subsurface  conditions  at  the  site  were  characterized  and  two  new  monitoring  wells 
were  installed  in  boreholes  advanced  by  USEPA  personnel  using  a  hollow-stem  auger  rig 
from  April  7  through  April  16,  1997.  Boring  logs  and  monitoring  well  installation 
records  for  the  two  newly  installed  monitoring  wells  (OU-1-05  and  OU-1-06)  are 
included  in  Appendix  B. 

2.1.3. 1  Equipment  Decontamination 

Prior  to  arriving  at  the  site  and  after  drilling  each  soil  boring,  augers  and  push  rods 
were  cleaned  with  the  hollow-stem  auger  rig’s  steam-cleaning  system.  Water  used  in 
equipment  cleaning  was  obtained  from  an  on-Base  potable  water  supply.  Equipment 
cleaning  was  performed  at  a  bermed  decontamination  pad  constructed  of  concrete. 
Rinseate  drained  from  the  pad  and  flowed  onto  an  adjacent  field. 

2.1.3.2  Soil  Sample  Collection  and  Analysis 

The  hollow-stem  auger  rig  was  used  to  collect  soil  samples  for  visual  description, 
VOC  screening,  and  TOC  analysis  during  the  installation  of  monitoring  wells  OU-1-05 
and  OU-1-06  in  April  1997  (Figure  2.1).  The  samples  were  collected  from  multiple 
depths.  Discrete  soil  samples  were  collected  using  a  drive  barrel  fitted  with  an  acetate 
liner. 

Soils  generated  while  using  the  hollow-stem  auger  rig  were  drummed  to  await 
transportation  to  a  central  staging  area,  chemical  analysis,  and  proper  disposal  by  Altus 
AFB,  in  accordance  with  the  Base’s  IDW  management  plan. 
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2. 1.3.3  Monitoring  Well  Installation 


Using  the  hollow-stem  auger  drill  rig,  Parsons  ES  and  USEPA  staff  installed  two  2- 
inch-ID  monitoring  wells  in  hollow-stem  auger  boreholes  in  the  vicinity  of  OU-1 .  These . 
wells  are  designated  OU-1 -05  and  OU-1 -06. 

2. 1.3. 3.1  Materials 

Monitoring  wells  were  constructed  of  flush-threaded  2-inch-ID,  2.25-inch-OD,  PVC 
casing  and  screen.  Installed  screens  were  4.5  feet  in  length  and  factory-slotted  with 
0.010-inch  openings.  Each  monitoring  well  was  fitted  with  a  locking,  expandable  cap. 
Well  materials  were  inspected  for  cleanliness  prior  to  use.  No  glue  or  solvents  were  used 
with  monitoring  well  materials. 

2. 1.3. 3.2  Installation 

Monitoring  wells  were  installed  through  the  inside  of  the  4.25-ineh-ID,  8.25-inch-OD, 
steel  casing.  This  method  allowed  the  monitoring  well  screen  and  casing  to  be  placed  in 
the  borehole  at  the  desired  depth  without  experiencing  difficulties  related  to  borehole 
collapse.  After  the  monitoring  well  screen  and  riser  pipe  were  in  place,  the  annular 
backfill  materials  were  added  through  the  casing  as  it  was  gradually  removed  from  the 
borehole.  Monitoring  wells  were  completed  by  filling  the  borehole  around  the  well  with 
10/20-grade  sand,  bentonite  chips,  and  cement  grout.  The  tops  of  the  wells  were  fitted 
with  expandable,  locking  well  caps.  Monitoring  well  completion  logs  are  included  in 
Appendix  B. 

2. 1.3. 3. 3  Development 

Prior  to  sampling,  newly  installed  monitoring  wells  were  developed.  Typically,  well 
development  removes  sediment  from  inside  the  well  casing  and  flushes  fines,  cuttings, 
and  drilling  fluids  from  the  sand  pack  and  the  portion  of  the  formation  adjacent  to  the 
well  screen. 

Monitoring  well  development  was  accomplished  using  a  peristaltic  pump  with  new 
dedicated  or  decontaminated  (Section  2.1.4)  HDPE  tubing  or  a  two-stage  downhole  pump 
with  dedicated  PVC  tubing.  The  pump  tubing  (or  pump)  was  lowered  to  the  bottom  of 
the  well  so  that  fines  were  agitated  and  removed  from  the  well  in  the  development  water. 
Development  was  continued  until  the  well  purged  dry  at  least  three  times  or  10  casing 
volumes  were  removed  from  the  monitoring  well  and  the  temperature,  pH,  ORP, 
conductivity,  and  DO  concentrations  of  the  extracted  groundwater  had  stabilized. 
Monitoring  well  development  records  are  included  in  Appendix  B. 

All  development  water  was  contained  in  5  5 -gallon  drums  and  screened  with  a  PID. 
All  development  water  had  headspace  PID  screening  results  of  less  than  5  ppmv  and  was, 
therefore,  stored  in  a  centralized  location  to  await  disposal  in  the  sanitary  sewer  by  Base 
personnel. 
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2.2  GROUNDWATER  SAMPLING 


The  groundwater  sampling  procedures  described  in  the  site  work  plan  (Parsons  ES, 
1997)  and  summarized  in  the  following  sections  were  followed.  Groundwater  sampling 
took  place  during  April  1997,  and  consisted  of  collecting  groundwater  samples  from  12 
previously  installed  wells,  2  previously  installed  monitoring  points,  13  newly  installed 
monitoring  points,  and  2  newly  installed  monitoring  wells.  Due  to  difficulties  with 
groundwater  yield,  samples  from  several  monitoring  points  were  not  analyzed  for  all 
parameters.  Refer  to  Table  2.1  for  analyses  conducted  for  each  monitoring  well  and 
point. 

2.2.1  Preparation  and  Equipment  Cleaning 

All  equipment  used  for  sampling  was  assembled  and  properly  cleaned  and  calibrated 
(if  required)  prior  to  use  in  the  field.  All  portions  of  sampling  and  test  equipment  that 
contacted  the  sample  were  thoroughly  cleaned  before  use.  This  equipment  included  the 
water  level  probe  and  cable  and  equipment  for  measuring  onsite  groundwater  chemical 
parameters.  The  equipment  was  cleaned  using  the  following  protocol; 

.  Rinsed  with  isopropyl  alcohol; 

•  Rinsed  with  distilled  or  deionized  water;  and 

•  Air  dried  prior  to  use. 

Special  care  was  taken  to  prevent  cross  contamination  of  the  groundwater  and 
extracted  samples  through  contact  with  improperly  cleaned  equipment.  In  addition,  a 
clean  pair  of  new,  disposable  latex  gloves  was  worn  each  time  a  different  well  or 
monitoring  point  was  sampled.  Any  deviations  from  these  procedures  were  documented 
in  the  field  scientist's  field  notebook  and  on  the  groundwater  sampling  form.  As  required, 
field  analytical  equipment  was  calibrated  according  to  the  manufacturers’  specifications 
prior  to  field  use. 

Prior  to  starting  the  sampling  procedure,  the  area  around  the  well  or  monitoring  point 
was  cleared  of  foreign  materials,  such  as  brush,  rocks,  and  debris.  These  procedures 
prevented  sampling  equipment  from  inadvertently  contacting  debris  around  the 
monitoring  wells  and  points.  The  integrity  of  the  monitoring  wells  and  points  was  also 
inspected,  and  any  irregularities  in  the  visible  portions  of  the  wells  and  points,  protective 
covers,  or  concrete  pads  were  noted. 

2.2.2  Water  Level  and  Total  Depth  Measurements 

Prior  to  removing  any  water  from  the  well  or  shallow  monitoring  points,  the  static 
water  level  was  measured.  An  electrical  water  level  probe  was  used  to  measure  the  depth 
to  groundwater  below  the  well  datum  to  the  nearest  0.01  foot.  After  measurement  of  the 
static  water  level,  the  water  level  probe  was  lowered  to  the  bottom  of  the  newly  installed 
wells  and  points  for  measurement  of  total  depth  (recorded  to  the  nearest  0.1  foot).  Based 
on  these  measurements  and  previously-recorded  well  depths,  the  volume  of  water  to  be 
purged  from  the  wells  and  points  was  estimated. 
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2.2.3  Monitoring  Well/Point  Purging 


Where  possible,  three  times  the  calculated  casing  volume  was  removed  from  each 
monitoring  well  and  point  prior  to  sampling.  Where  it  was  not  possible  to  remove  three 
times  the  calculated  casing  volume  (i.e.,  the  well/point  was  purged  dry),  the  well/point 
was  allowed  to  recharge  until  sufficient  water  was  present  to  obtain  the  necessary  sample 
quantity.  Purging  continued  until  the  pH,  DO  concentration,  ORP,  conductivity,  and 
temperature  stabilized.  A  peristaltic  pump  with  dedicated  silicone  and  HDPE  tubing  was 
used  for  well  and  point  evacuation.  All  purge  water  from  monitoring  points  and  wells 
was  collected  in  5  5 -gallon 'drums.  All  purge  water  had  a  PID  headspace  screening  result 
of  5  ppmv  or  less  and,  therefore,  was  released  to  the  Base  for  disposal  into  the  sanitary 
sewer. 

2.2.4  Onsite  Chemical  Parameter  Measurement 

Groundwater  samples  were  analyzed  in  the  field  by  Parsons  ES  and  USEPA  personnel 
for  pH,  conductivity,  temperature,  DO,  ORP,  total  alkalinity,  ferrous  iron,  dissolved 
hydrogen,  and  hydrogen  sulfide.  Analyses  for  BTEX,  trimethylbenzenes  (TMBs),  fuel 
carbon,  CAHs,  nitrate  and  nitrite  nitrogen,  ammonia  nitrogen,  chloride,  sulfate,  methane, 
ethane,  ethene,  dissolved  TOC,  and  aliphatic  and  aromatic  (fatty)  acids  were  performed  at 
the  NRMRL  in  Ada,  Oklahoma.  DO  measurements  were  taken  using  an  Orion®  Model 
840  DO  meter  in  a  flow-through  cell  at  the  outlet  of  the  purge  pump.  DO  concentrations 
were  recorded  after  the  readings  stabilized,  and  in  all  cases  represent  the  lowest  DO 
concentration  observed. 

Because  the  electrical  conductivity,  ORP,  and  temperature  of  the  groundwater  change 
significantly  within  a  short  time  following  sample  acquisition,  these  parameters  were 
measured  in  the  field,  in  the  same  flow-through  cell  used  for  DO  measurements. 
Measured  values  were  recorded  on  the  groundwater  sampling  records  (Appendix  B). 
Other  time-sensitive  parameters,  including  pH,  dissolved  hydrogen,  ferrous  iron, 
alkalinity,  and  hydrogen  sulfide,  were  analyzed  at  the  USEPA  mobile  laboratory 
immediately  after  sample  collection. 

2.2.5  Sample  Collection 

A  peristaltic  pump  with  dedicated  silicone  and  HDPE  tubing  was  used  to  extract 
groundwater  samples  from  monitoring  points  and  wells.  The  dedicated  HDPE  tubing  was 
lowered  down  the  casing  to  approximately  the  middle  of  the  screened  interval.  The 
samples  were  transferred  directly  into  the  appropriate  sample  containers.  The  water  was 
carefully  poured  down  the  inner  walls  of  each  sample  bottle  to  minimize  aeration  of  the 
sample.  Sample  bottles  for  BTEX,  TMB  isomers,  total  fuel  carbon,  CAHs,  methane, 
ethane,  ethene,  and  volatile  fatty  acids  (VFAs)  were  filled  so  that  there  was  no  headspace 
or  air  bubbles  within  the  container.  Analytical  methods  are  summarized  in  Table  2.3,  and 
groundwater  sampling  records  are  provided  in  Appendix  B. 

2.3  SURFACE  WATER  SAMPLING 

In  addition  to  soil  and  groundwater  sampling,  five  surface  water  samples  (RV-OOl 
through  RV-005)  were  collected  from  the  drainage  canal  north  of  LF-04  and  from 
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TABLE  2.3 

ANALYTICAL  METHODS  FOR 

GROUNDWATER,  SURFACE  WATER,  SOIL,  AND  SEDIMENT  SAMPLES 

OU5  RNA  TS 

OFFUTT  AFB,  NEBRASKA 


ANALYTICAL 

MATRIX/PARAMETER 

METHOD 

LABORATORY 

GROUNDWATER 

Phenols,  Aliphatic/ Aromatic  Acids 

RSKSOP-177 

Phenol 

CHEMetrics  Method  4AAP 

Field 

Dissolved  Hydrogen 

Reduction  Gas  Analyzer 

Field 

Ferrous  Iron  (Fe-l-2) 

Colorimetric,  Hach  Method  8146 

Field 

Manganese 

Colorimetric,  Hach  Method  8034 

Field 

Sulfate 

N-601 

NRMRL 

Nitrate  +  Nitrite  (as  Nitrogen) 

E353.1 

NRMRL 

Oxidation-Reduction  Potential 

Direct-reading  meter 

Field 

Dissolved  Oxygen 

Direct-reading  meter 

Field 

pH 

Direct-reading  meter 

Field 

Conductivity 

Direct-reading  meter 

Field 

Temperature 

Direct-reading  meter 

Field 

Alkalinity  (Carbonate  [C03-2] 

and  Bicarbonate  [HC03-1]) 

Titrimetric,  Hach  Method  8221 

Field 

Hydrogen  Sulfide 

Colorimetric,  Hach  Method  8131 

Field 

Carbon  Dioxide 

CHEMetrics  Method  4500 

Field 

Chloride 

N-601 

NRMRL 

Ammonia-Diss.  Gas  in  Water 

E350.1 

NRMRL 

Methane 

RSKSOP- 1 75/RSKSOP- 147 

NRMRL 

Ethene 

RSKSOP- 1 75/RSKSOP- 147 

NRMRL 

Total  Orsanic  Carbon 

RSKSOP- 102 

NRMRL 

Aromatic  Hydrocarbons 
(Including  Trimethylbenzenes 
and  Tetramethylbenzene)  +  Fuel 
Carbon 

RSKSOP-133 

NRMRL 

Metals 

ICP,  GFAA  (lead  only) 

NRMRL 

Chlorinated  Volatile  Organics 

RSKSOP- 146 

NRMRL 

SURFACE  WATER 

Volatile  Organics 

1  RSKSOP- 146 

NRMRL 

SOIL 

Total  Organic  Carbon 

RSKSOP- 1 02/RSKSOP- 1 20 

NRMRL 

SEDIMENT 

Total  Organic  Carbon 

RSKSOP-102/RSKSOP-120 

NRMRL 

Aromatic  Hydrocarbons 

RSKSOP-124 

NRMRL 

a/  USEPA  National  Risk  Management  Research  Laboratory  in  Ada,  Oklahoma, 
b/  Waters  capillary  electrophoresis  Method  N-601. 

c/  ICP  =  Inductively  Coupled  Plasma  Spectrometry;  GFAA  =  Graphite  Furnace  Atomic  Absorption. 


022/722450/ALTUS/l.,\ls 


2-13 


Stinking  Creek  west  and  southwest  of  LF-04  (Figure  2.1)  in  April  1997.  These  samples 
were  collected  in  order  to  assess  the  impact  of  groundwater  discharge  on  surface  water 
quality.  The  surface  water  samples  were  analyzed  for  CAHs,  BTEX,  TMBs,  and  fuel 
carbon  (Table  2.1). 

Surface  water  samples  were  collected  directly  into  the  sample  bottle  by  placing  the 
sample  bottle  in  the  creek  with  the  opening  facing  up  and  allowing  the  water  to  slowly  fill 
the  bottle.  Sample  handling  proceeded  as  described  for  groundwater  samples  in  Section 
2.4. 

r 

2.4  SAMPLE  HANDLING 

The  fixed-base  analytical  laboratory,  NRMRL,  provided  pre-preserved  sample 
containers  where  appropriate.  The  sample  containers  were  filled  as  described  in  Sections 
2. 1.2.1,  2. 1.3.1,  2.2.2.4,  and  2.3.  The  samples  were  labeled  as  described  in  the  work  plan. 
After  the  samples  were  sealed  and  labeled,  they  were  transported  to  the  onsite  USEPA 
mobile  laboratory.  Sample  shipment  to  NRMRL  and  the  associated  chain-of-custody 
documentation  was  the  responsibility  of  NRMRL  field  personnel. 

2.5  AQUIFER  TESTING 

Slug  tests  were  performed  at  LF-04  by  Parsons  ES  in  April  1997.  Falling  and  rising 
head  slug  tests  were  performed  at  monitoring  wells  OU-1-01  and  WL-060  through  WL- 
062.  Parsons  ES  personnel  used  testing  procedures  similar  to  those  described  in  the  work 
plan  (Parsons  ES,  1997).  Slug  test  data  were  analyzed  using  the  AQTESOLV®  software 
package  (Geraghty  &  Miller,  Inc.,  1994)  and  the  methods  of  Bouwer  and  Rice  (1976)  and 
Bouwer  (1989)  for  unconfmed  conditions.  These  slug  test  results  are  presented  in  Section 
3.4  and  Appendix  B  of  this  document. 

2.6  SURVEYING 

After  completion  of  field  work,  the  locations  and  elevations  of  all  new  monitoring 
points  and  wells  were  surveyed  by  North  Fork  Surveying  and  Drafting,  an  Oklahoma- 
licensed  land  surveyor  from  Snyder,  Oklahoma.  The  horizontal  locations  and  elevations 
of  the  measurement  datum  (i.e.,  top  of  PVC  well  casing)  and  the  ground  surface  adjacent 
to  the  well  casings  were  measured  relative  to  existing  control  points  referenced  to  the 
Oklahoma  State  plane  coordinate  system.  Horizontal  locations  were  surveyed  to  the 
nearest  0.01  foot.  Measurement  datum  and  ground  surface  elevations  were  surveyed  to 
the  nearest  0.01  foot.  Survey  data  are  presented  in  Appendix  B. 
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SECTION  3 


PHYSICAL  CHARACTERISTICS  OF  THE  STUDY  AREA 


This  section  incorporates  data  presented  by  USGS  (1992  and  1996),  USAGE  (1992 
and  1996),  OHM  Remediation  Services  Corp.  (OHM,  1996),  and  TARGET  (1993)  with 
data  collected  by  Parsons  ES  in  collaboration  with  researchers  from  the  USEPA  NRMRL 
in  April  1997.  Investigative  procedures  used  to  determine  the  physical  characteristics  of 
the  LF-04  area  of  Altus  AFB  during  this  RNA  TS  are  discussed  in  Section  2. 

3.1  SURFACE  FEATURES 

3.1.1  Topography 

Information  pertaining  to  topography  and  surface  hydrology  is  based  on  a  review  of 
the  Phase  II  RI  (USGS,  1996).  Altus  AFB  is  located  in  the  Central  Redbed  Plains  (Curtis 
and  Ham,  1972).  The  plains  are  characterized  by  a  gently  sloping  land  surface.  Base 
surface  elevations  range  from  1,330  to  1,390  feet  above  mean  sea  level  (ft  amsl)  (USGS, 
1996).  Relief  in  the  area  of  LF-04  has  resulted  from  stream  erosion  and  landfill  and 
runway  construction.  The  local  topography  slopes  to  the  east-southeast  with 
approximately  10  feet  of  relief  across  the  LF-04  site  (Figure  3.1). 

3.1.2  Surface  Water  Hydrology 

Runoff  from  LF-04  is  drained  by  Stinking  Creek  (Figure  3.1).  Stinking  Creek, 
temporarily  diverted  during  construction  of  the  C-17  runway,  has  been  returned  to  its 
original  channel,  except  that  the  creek  now  flows  beneath  Taxiway  “M”  and  Runway  17L 
via  a  concrete  culvert.  Other  ditches  have  been  dug  to  collect  surface  water  drainage 
from  the  area  and  channel  the  flow  into  Stinking  Creek  (Figure  1.4).  Flow  velocity  was 
measured  by  placing  a  floating  object  in  the  middle  of  the  stream  and  recording  the  time 
it  took  to  travel  a  premeasured  distance.  Flow  velocity  data  was  collected  at  five 
locations  (RVOOl  through  RV005)  in  Stinking  Creek  in  the  LF-04  area  (Figure  2.1). 
Surface  flow  velocity  ranged  from  no  flow  at  location  RVOOl  to  1  foot  per  second  at 
RV003.  The  average  flow  velocity  of  Stinking  Creek,  estimated  as  85  percent  of  the 
surface  flow  velocity  (Daugherty  and  Franzini,  1977),  ranged  from  0.0  to  0.85  feet  per 
second. 

The  Ozark  4.6  Lateral  irrigation  canal  flows  southeastward  between  LF-04  and  FT-03 
(Figure  1 .4),  forming  the  western  boundary  of  LF-04.  The  irrigation  canal  receives  no 
drainage  from  Altus  AFB,  and  flow  in  the  canal  occurs  only  during  the  irrigation  season, 
from  June  to  August;  at  other  times  the  canal  is  dry  or  ponded. 
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3.1.3  Manmade  Features 


Manmade  features  in  the  area  of  study  include  an  access  road,  Perimeter  Road, 
Taxiways  E2  and  M,  Runway  17L,  and  parking  lots  (Figure  2.1).  No  buildings  are 
located  within  LF-04  or  immediately  downgradient  (southeast).  Various  buildings  are 
located  west  and  south  of  (up-  and  crossgradient  from)  the  LF-04  area. 

3.1.4  Vegetation 

Vegetation  on  the  site  consists  largely  of  grasses  in  the  area  of  LF-04.  A  plowed  field 
lies  to  the  east  of  Runway  1 7L.  Areas  of  pavement  and  vegetation  were  taken  into 
account  during  conceptual  model  development. 

3.2  CLIMATE 

The  climate  at  Altus  AFB  is  continental,  characterized  by  cold  winters,  hot  summers, 
and  moderate  rainfall.  Average  daily  temperatures  range  from  39  degrees  Fahrenheit  (°F) 
in  January  to  greater  than  80"F  in  July  and  August.  It  is  common  for  high  temperatures  in 
June,  July,  August,  and  September  to  exceed  100”F. 

Precipitation  occurs  primarily  as  thunderstorms  during  spring.  May  is  generally  the 
wettest  month  of  the  year,  with  an  average  rainfall  of  about  5  inches.  The  mean  annual 
Base  precipitation  is  approximately  25  inches.  Annually,  potential  evaporation  usually 
exceeds  precipitation.  Maximum  evaporation  occurs  during  June,  July,  and  August  (ES, 
1985). 

3.3  REGIONAL  GEOLOGY  AND  HYDROGEOLOGY 

Regional  sediments  are  of  Mississippian,  Pennsylvanian,  and  Permian  ages,  consisting 
mostly  of  sandstones  and  shales  surrounding  the  nearby  Wichita  Mountain  granite 
(Denison  et  al.,  1964).  These  sediments  are  up  to  7,000  feet  thick.  The  Base  is  underlain 
almost  entirely  by  the  Hennessey  Group  of  Permian  age,  except  in  the  northern  portion  of 
the  Base  where  unconsolidated  terrace  deposits  are  present.  The  estimated  regional  dip  of 
the  Hennessey  Group  is  to  the  west  at  less  than  1  degree  (Sears,  1951).  The  Hennessey 
Group  in  southwestern  Oklahoma  ranges  in  thickness  from  200  to  1,000  feet,  and  consists 
of  reddish-brown  shale  with  thin  interbeds  of  siltstone  and  sandstone  (Johnson,  1967; 
Havens,  1977).  The  uppermost  5  to  40  feet  of  the  formation  is  predominantly  yellowish- 
gray,  buff,  tan,  orange,  yellow,  or  greenish  gray  shale.  Locally,  the  Hennessey  Group 
contains  gypsum  veins  composed  of  satin  spar  and  selenite  crystals. 

Surface  soils  overlying  the  Hennessey  Group  at  Altus  AFB  consist  of  three  major 
types:  Tillman/Hollister,  Miles,  and  Altus.  Tillman/Hollister  soil  consists  of  clay  loams 
with  0  to  1  percent  slopes  and  is  the  most  extensive  unit  in  Jackson  County  (Bailey  and 
Graft,  1961).  The  Tillman/Hollister  soil  type  has  a  reddish-brown,  granular,  clay  loam 
surface  layer,  underlain  by  a  more  clayey  and  block-structured  subsoil,  with  respective 
thicknesses  of  approximately  10  and  18  inches.  The  Miles  soil  type  is  characterized  by  a 
fine,  sandy  loam  surface  soil  and  a  reddish-brown,  sandy  clay  loam  subsoil,  with 
thicknesses  of  approximately  10  and  44  inches,  respectively.  Both  layers  are  friable, 
noncalcareous,  and  neutral  to  mildly  alkaline.  The  Altus  soil  type  consists  of  dark 
grayish-brown,  friable,  fine  sandy  loam  at  the  surface.  The  subsoil,  approximately  2  feet 
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thick,  is  a  moderately  tight,  brown  sandy  clay.  Material  beneath  the  subsoil  is  generally  a 
stiff  calcareous  clay  containing  many  soft  carbonate  concretions.  The  thickness  of  the 
surface  soils  generally  ranges  from  10  to  25  feet.  Observations  made  while  drilling 
boreholes  during  the  Phase  II  RI  described  the  surficial  20  feet  as  clay  or  silty  clay,  and 
deeper  than  20  feet  bis  as  shale  or  silty  shale  (USGS,  1996). 

The  primary  hydrogeologic  unit  on  and  near  Altus  AFB  is  the  Hennessey  Group.  On 
the  Base,  two  water-bearing  zones  have  been  encountered  in  the  upper  42  feet.  The 
depths  of  the  two  water-bearing  zones  coincide  with  the  two  distinct  lithologic  layers,  the 
less-consolidated  clay  material  extending  to  a  depth  of  20  to  30  feet  bis,  and  the 
underlying  layer  of  well-ceihented,  better-lithified  shale  of  the  Hennessey  Group. 

Shallow  groundwater  generally  flows  to  the  southeast  at  the  Base.  Depth  to  water  on 
the  Base  ranges  from  less  than  1  foot  to  13  feet  bis.  The  groundwater  surface  generally 
reflects  surface  topography.  Groundwater  flow  is  generally  toward  drainage  canals  and 
Stinking  Creek.  The  hydraulic  gradient  from  the  northwestern  comer  of  the  Base  to  the 
southeastern  comer  was  0.0033  foot  per  foot  (ft/ft)  in  January  1993  (USGS,  1996). 

3.4  LF-04  GEOLOGY  AND  HYDROGEOLOGY 

Site-specific  geologic  and  hydrogeologic  information  was  obtained  primarily  from  the 
Phase  I  RI  (USGS,  1992),  the  SCAPS  report  (USAGE,  1996),  and  the  Current  Conditions 
Report  (OHM,  1996).  New  information  gathered  during  TS  site  activities  in  April  1997 
was  used  to  confirm  and  augment  the  results  of  the  previous  investigations.  Constmction 
details  for  monitoring  wells  and  points  installed  during  the  Phase  I  RI  and  the  TS  are 
summarized  in  Table  2.2.  Geologic  boring  logs  and  monitoring  point  and  well 
constmction  diagrams  for  activities  conducted  during  the  TS  in  April  1997  are  included 
in  Appendix  B. 

3.4.1  Lithology  and  Stratigraphic  Relationships 

Two  hydrogeologic  profiles  were  constmcted  using  data  collected  during  the  Phase  I 
RI  (USGS,  1992)  in  conjunction  with  data  from  the  SCAPS  investigation  (USAGE,  1996) 
and  the  TS.  The  profile  locations  and  profiles  are  shown  on  Figure  3.2.  A  red-brown 
shale  is  encountered  at  approximately  10  to  20  feet  bis  in  the  area  of  LF-04.  Overlying 
the  shale  is  a  layer  of  saprolitic,  red-brown  clay  with  gray  nodules  and  green-gray  lenses. 
Where  the  clay  does  not  extend  to  the  land  surface,  it  is  overlain  with  a  loam  or  brown 
silty  sand.  A  discontinuous  3-  to  5-foot  clayey  sand  layer  was  detected  between  7  and  20 
feet  bis  east  of  taxiway  “M”. 

The  boundaries  of  LF-04  were  investigated  during  the  Initial  Landfill  Investigation 
(USAGE,  1992).  The  approximate  boundaries  of  LF-04  are  shown  on  Figure  1.4.  The 
depth  of  the  landfill  deposits  was  estimated  to  be  7  feet. 

3.4.2  Groundwater  Hydraulics 

The  unconfined  surficial  aquifer  at  LF-04  is  encountered  within  the  two  main 
lithologic  units  discussed  above:  the  unconsolidated  clay  and  the  deeper,  more  competent 
shale.  The  following  is  a  discussion  of  the  hydraulic  parameters  of  the  surficial  aquifer 
specific  to  the  LF-04  site.  As  shown  on  Figure  3.2,  the  depth  to  groundwater  in  the 
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immediate  vicinity  of  LF-04  ranged  from  6  to  10  feet  bgs  in  April  1997.  The  depth  to 
groundwater  decreases  as  ground  surface  elevation  decreases  toward  the  east. 

3.4.2.1  Flow  Direction  and  Gradient 

Table  3.1  presents  groundwater  elevation  data  collected  in  1992  and  1993,  and  data 
collected  by  Parsons  ES  in  April  1997.  A  water  table  map  (Figure  3.3)  of  the  LF-04  area 
was  constructed  using  the  April  1997  data.  The  map  indicates  that  the  groundwater  flow 
direction  is  toward  the  east  and  southeast,  with  a  possible  convergent  divide  along 
Stinking  Creek.  A  convergent  divide  would  suggest  either  discharge  to  the  creek  or  a 
preferential  groundwater  flow  pathway  along  the  creek  channel.  The  lateral  hydraulic 
gradient  was  approximately  0.003  ft/ft  along  the  primary  plume  axis  in  April  1997.  The 
flow  of  groundwater  toward  Stinking  Creek  may  be  attributed  to  the  large  amount  of 
recharge  from  precipitation  in  the  weeks  preceding  the  investigation.  It  is  possible  that 
through  most  of  the  year,  groundwater  flows  parallel  to  the  creek,  with  the  creek  acting  as 
a  divergent  divide  during  more  arid  seasons. 

Vertical  hydraulic  gradients  were  calculated  using  April  1997  groundwater  elevation 
data  for  well  clusters;  these  data  are  summarized  in  Table  3.2.  The  well  clusters  include 
OU-1-06/TW2,  WL061/WL062,  SBIOWS/D,  SBllWS/D,  SB15WS/D,  and  SB16WS/D. 
The  vertical  gradients  were  calculated  by  dividing  the  water  level  elevation  difference 
between  two  clustered  wells  by  the  distance  between  the  midpoints  of  the  saturated 
portions  of  the  well  screens.  A  slight  upward  gradient  (0.008  ft/fl)  was  measured 
between  wells  WL061  and  WL062.  At  all  other  well  clusters,  downward  gradients  from 
0.017  to  0.703  ft/ft  in  magnitude  were  measured. 

3.4.2.2  Hydraulic  Conductivity 

During  TS  field  activities,  slug  tests  were  performed  in  four  monitoring  wells  to 
provide  estimates  for  the  hydraulic  conductivity  of  the  two  water-bearing  zones.  The 
hydraulic  conductivity  values  obtained  during  the  TS  ranged  from  8.4  feet  per  day 
(ft/day)  in  the  overburden  clay  to  43  ft/day  in  the  shale  bedrock  (Table  3.3). 

3.4.2.3  Effective  Porosity 

The  effective  porosity  of  a  given  lithology  is  a  measure  of  the  amount  of  void  space 
available  for  fluid  flow  through  the  lithologic  unit.  Within  the  overburden  clay,  the 
effective  porosity  is  estimated  to  be  approximately  5  percent,  based  on  accepted  literature 
values  (Spitz  and  Moreno,  1996).  The  primary  porosity  of  the  shale  bedrock  would  be 
less  than  that  of  the  overburden;  however,  secondary  porosity  (fractures)  within  the 
bedrock  may  increase  the  effective  porosity  of  the  shale  to  as  high  as  3  percent  (Spitz  and 
Moreno,  1996). 

3.4.2.4  Advective  Groundwater  Velocity 

The  advective  velocity  of  groundwater  in  the  direction  parallel  to  groundwater  flow  is 
given  by: 
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TABLE  3.1 

SUMMARY  OF  GROUNDWATER  ELEVATIONS 
0\}\ 
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ALTUS  AFB»  OKLAHOMA 


«^ooO'^'Or'OOr^r^mCvvoO«^w^  —  in-^oo*—  fNr* 
cSodoosCvCi^,  or^c^r^r^ododoodr^^u-i«rlo'0'diy-i 
mromm'TTrT^fnmmT^'(^•TrlnTrT^T^m«>nTt•■Tr'-rTr 
rnrnmrnr<*jmrnr<-t<^mmmmromrorn<^mmr<^mm 


a/  !i  anisl  =  l  ed  above  mean  sea  level.  b/  li  bis  —  l  eei  below  iaiul  siirtace.  c/  it  bloc  ==  l  ed  below  top  o(  casing.  d/  NM 


TABLE  3.2 

VERTICAL  GRADIENT  CALCULATIONS 
OU-l 

RNA  TS  ADDENDUM 
ALTUS  AFB,  OKLAHOMA 


Groundwater 

Bottom  of 

Top  of 

Saturated 

Venical 

Elevation  (ft  amsl“^) 

Screen 

Screen 

Screen  Midpoint 

Gradient 

Well 

Apr-97 

Elevation  (ft  amsl) 

Elevation  (ft  amsl) 

Elevation  (ft  amsl) 

(ft/ft) 

WL061 

1335.55 

1306.1 

WL062 

1335.40 

1324.7 

-0.008  " 

SB  lows 

1346.81 

r  1343.6 

1346.6 

1345.1 

SBIOWD 

1346.11 

1334.6 

1337.6 

1336.1 

0.078 

SBllWS 

1346.21 

1340.1 

1343.1 

1341.6 

SBllWD 

1345.74 

1331.9 

1334.9 

1333.4 

0.057 

SB15WS 

1351.64 

1348.1 

1351.1 

1349.6 

SB15WD 

1350.87 

1336.8 

1339.8 

1338.3 

0.068 

SB16WS 

1348.67 

1345.4 

1348.4 

1346.9 

SB16WD 

1348.47 

1333.6 

1336.6 

1335.1 

0.017 

OU-l -06 

1337.36 

1324.9 

1329.9 

1327.4 

OU-1-TW2 

1342.98 

1333.8 

1337.0 

1335.4 

0.703 

a/  ft  amsi  =  Feet  above  mean  sea  level. 

b/  Vertical  gradient  =  Difference  in  groundwater  elevations  of  clustered  well^ 

Difference  in  elevations  of  saturated  portions  of  well  screens 
Calculations  were  completed  using  April  1997  data, 
c/  A  negative  value  indicates  upward  gradient,  and  a  positive  value  indicates  downward  gradient. 
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TABLE  3.3 

HYDRAULIC  CONDUCTIVITIES  AND  AVERAGE  GROUNDWATER  VELOCITIES 

Ol)-l 

REMEDIATION  BY  NATURAL  ATTENUATION  TS 
ALTUS  AFIL  OKLAHOMA 


022/72245()/Ai;rUS/l.xls 


-  KdH 

V  = - 

dL 

Where:  v  =  Average  advective  ground'water  velocity  (seepage  velocity)  [L/T] 

K  =  Hydraulic  conductivity  [L/T] 
dH/dL  =  Lateral  hydraulic  gradient  [L/L] 
n^  =  Effective  porosity. 

Using  the  hydraulic  conductivity  (8.4  to  43  ft/day),  lateral  hydraulic  gradient  (0.003 
ft/ft),  and  an  estimated  effective  porosity  (0.05  for  clay  and  0.03  for  shale),  the  advective 
groundwater  flow  velocity  in  the  overburden  clay  is  calculated  to  be  0.50  to  0.84  ft/day 
[183  to  307  feet  per  year  (ft/yr)].  The  advective  groundwater  flow  velocity  in  the 
weathered  shale  is  calculated  to  be  2.0  to  4.3  ft/day  (730  to  15,700  ft/yr). 

3.4.3  Groundwater  Use 

Except  for  a  few  wells  used  for  domestic  and  livestock  purposes,  the  Hennessey  Group 
is  not  a  primary  water  source  in  the  Altus  AFB  area.  The  Base  obtains  its  water  from  the 
city  of  Altus,  which  obtains  water  from  wells  located  16  miles  south  of  the  Base  and  from 
Lake  Altus  located  15  miles  north  of  the  Base.  Well  yields  in  the  area  of  Altus  AFB 
vary.  Monitoring  wells  at  Altus  AFB,  probably  screened  in  soils  overlying  the 
Hennessey  Group,  yield  from  less  than  1  gallon  per  minute  (gpm)  to  10  gpm  (USGS, 
1996).  There  are  two  private  wells  screened  in  the  lithified  Hennessey  Group  near  the 
Base  (Engineering-Science,  Inc.  [ES],  1985).  One  well,  located  approximately  8,000  feet 
west  of  (upgradient  from)  LF-04,  has  a  total  depth  of  60  feet,  a  depth  to  water  of  19  feet, 
and  a  yield  of  150  gpm.  The  other  well,  located  approximately  4,000  feet  north  of 
(crossgradient  from)  LF-04,  has  a  total  depth  of  122  feet,  a  depth  to  water  of  60  feet,  and 
a  yield  of  100  gpm. 
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SECTION  4 


CONTAMINANT  DISTRIBUTION  AND  EVIDENCE  OF 

BIODEGRADATION 


As  discussed  in  Section  1,  CAH  contamination  in  the  study  area  was  introduced  as  a 
result  of  activities  conducted  at  LF-04.  The  Phase  I  and  Phase  II  RIs  performed  by  USGS 
(1992  and  1996)  and  investigations  by  TARGET  (1993)  and  USAGE  (1996)  focused  on 
defining  the  nature  and  extent  of  contamination  at  the  site.  Results  of  the  investigations 
are  useful  for  the  objectives  of  this  TS  and  are  summarized  in  the  following  subsections, 
along  with  data  collected  during  the  field  phase  of  this  investigation.  In  particular,  this 
section  focuses  on  data  useful  for  evaluating  and  modeling  natural  attenuation  of  CAHs. 

4.1  RESULTS  OF  SOIL  ANALYSES 

4.1.1  Soil  and  Soil  Gas  Contamination 

Summary  soil  and  soil  gas  data  from  previous  investigations  at  LF-04  are  presented  in 
Appendix  A.  During  Phase  I  RI  borehole  drilling  activities,  four  soil  core  samples  were 
collected  from  each  of  six  boreholes,  screened  for  TPH,  and  analyzed  for  metals. 
Significant  concentrations  of  TPH  were  detected  in  soils  from  WL022,  located  in  the 
POL  tank  waste  sludge  disposal  area  (Figure  2.2).  The  TPH  concentrations  ranged  from 
530  milligrams  per  kilogram  (mg/kg)  at  5  feet  bis  to  2,200  mg/kg  at  8  feet  bis.  During 
drilling  of  WL022  a  black,  sludge-like  material  was  found  in  the  5-  to  10-foot  depth 
interval. 

During  the  soil  gas  and  groundwater  survey  (TARGET,  1993),  soil  gas  samples  were 
collected  at  four  locations  near  LF-04  at  a  depth  of  6  feet  bis.  Three  locations  (DC-9, 
DC-27,  and  DC-28)  are  north  of  and  upgradient  from  LF-04,  while  one  location  (4-6)  is 
east  of  and  downgradient  from  LF-04  (Figure  2.1).  The  soil  gas  was  analyzed  for  total 
volatile  compounds  with  a  flame  ionization  detector  (FID),  fuel  hydrocarbons  by  USEPA 
Method  SW8020,  and  chlorinated  hydrocarbons  by  USEPA  Methods  SW8010.  None  of 
the  soil  gas  samples  contained  detectable  levels  of  total  volatile  compounds  (by  FID)  or 
fuel  hydrocarbons  (by  laboratoty  analysis).  Only  one  soil  gas  sample,  at  downgradient 
location  4-6,  contained  a  chlorinated  hydrocarbon.  This  sample  contained  2.3  pg/L  of 
ci5- 1,2-DCE.  Analytical  results  are  included  in  Appendix  A. 

4.1.2  TS  Headspace  Screening  Results 

During  the  installation  of  monitoring  wells  and  monitoring  points  as  part  of  this  TS, 
soil  samples  were  screened  for  VOCs  with  a  PID.  The  only  soil  samples  that  exhibited 
PID  headspace  readings  above  10.0  ppmv  were  from  boreholes  for  OU-1-05  (21.5  ppmv 
at  7.5  feet  bis),  OU-l-TWl  (13.0  ppmv  at  3.5  feet  bis  and  15.6  ppmv  at  7  feet  bis),  and 
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0U-1-TW7  (10.1  ppmv  at  6.5  feet  bis  and  10.5  ppmv  at  11.5  feet  bis).  Borehole  OU-1- 
05  is  located  in  the  source  area.  The  other  two  boreholes  are  located  along  the 
downgradient  flow  path  in  close  proximity  to  Stinking  Creek.  Most  PID  readings  above 
10.0  ppmv  were  recorded  for  soil  samples  from  below  the  water  table,  indicating  that 
some  of  the  elevated  headspace  readings  may  be  due  to  dissolved  contamination  in  the 
groundwater. 

4.1.3  Soil  Total  Organic  Carbon  Content 

TOC  concentrations  are  used  to  estimate  the  amount  of  organic  matter  sorbed  to  soil 
particles  or  trapped  in  the  interstitial  passages  of  a  soil  matrix.  The  TOC  concentration  in 
the  saturated  zone  soil  is  an  important  parameter  used  to  estimate  the  amount  of 
contaminant  that  could  potentially  be  sorbed  to  the  aquifer  matrix.  Sorption  results  in 
retardation  of  the  contaminant  plume  relative  to  the  average  advective  groundwater 
velocity.  In  addition,  TOC  can  be  used  as  a  gross  indicator  of  organic  compounds  that 
are  available  as  a  source  of  carbon  and  electrons  (i.e.,  substrate)  for  microbial  activity. 

Two  soil  samples  were  analyzed  for  TOC  during  the  SCATS  investigation  (USACE, 
1996).  The  soil  sample  collected  from  SB15  at  a  depth  of  13.5  to  14.0  feet  bis  contained 
a  TOC  concentration  of  247  mg/kg  (0.0247  percent),  and  the  soil  sample  collected  from 
SB19  at  a  depth  of  11.0  to  11.5  feet  bis  contained  a  TOC  concentration  of  814  mg/kg 
(0.0814  percent). 

As  part  of  the  RNA  TS,  1 1  soil  samples  obtained  during  the  installation  of  monitoring 
wells  and  points  were  analyzed  for  TOC.  Analytical  results  are  presented  in  Table  4.1. 
Mean  TOC  concentrations  of  soils  obtained  ranged  from  0.022  percent  to  0.749  percent. 
The  TOC  of  site  soils  is  likely  too  low  to  provide  sufficient  organic  carbon  to  supply 
electron  donors  for  reductive  dechlorination  of  CAHs  (see  Section  4.2.4),  but  may 
increase  solute  sorption. 

4.2  OVERVIEW  OF  CAH  BIODEGRADATION  IN  GROUNDWATER 

Groundwater  quality  data  obtained  during  the  previous  investigations  and  this  TS 
indicate  that  CAH  compounds  are  the  primary  contaminants  of  concern  in  groundwater; 
dissolved  petroleum  hydrocarbons  are  not  present  at  sufficient  concentrations  in 
groundwater  to  be  considered  contaminants  of  concern.  Therefore,  this  section  focuses 
on  natural  attenuation  (specifically  biodegradation)  of  CAHs.  Mechanisms  for  natural 
attenuation  of  CAHs  include  biodegradation,  dispersion,  dilution  from  recharge  and 
upgradient  flow,  sorption,  and  volatilization.  Of  these  processes,  biodegradation  is  the 
only  mechanism  working  to  transform  contaminants  into  innocuous  byproducts.  When 
indigenous  microorganisms  work  to  bring  about  a  reduction  in  the  total  mass  of 
contamination  in  the  subsurface  without  the  addition  of  nutrients,  these  biodegradation 
processes  are  considered  intrinsic. 

In  the  past  several  years,  numerous  studies  have  demonstrated  that  indigenous 
microorganisms  can  degrade  a  variety  of  hydrocarbons,  including  components  of 
kerosene,  gasoline  (BTEX),  diesel,  and  jet  fuel  (Jamison  et  al,  1975;  Barker  et  al,  1987; 
Grbic-Galic  and  Vogel,  1987;  Altas,  1988;  Lee,  1988;  Chiang  et  al,  1989;  Cozzarelli  et 
al.,  1990;  Alvarez  and  Vogel,  1991;  Edwards  et  al,  1992;  Edwards  and  Grbic-Galic, 
1992;  Lovley  et  al.,  1994;  and  Wilson  et  al.,  1994).  Chlorinated  solvents  also  can  be 
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TABLE  4.1 

SOIL  TOC  RESULTS 
OU-l 

REMEDIATION  BY  NATURAL  ATTENUATION  TS 
ALTUS  AFB,  OKLAHOMA 


Sample 

Location 

Sample 

Depth 

(feetbisr 

OU-l-TW-1 

3.5 

0.085 

7.0 

0.097 

10.0 

0.100 

OU-l-TW-2 

3.0 

0.062 

7.0 

0.099 

13.5 

0.022 

OU-1-TW3 

6.0 

0.749 

12.0 

0.056 

OU-1-TW7 

6.5 

0.059 

11.5 

0.256 

OU-l -06 

23.0 

0.064 

“  feet  bis  =  feet  below  land  surface. 
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transformed,  directly  or  indirectly,  by  biological  processes  (e.g.,  Bouwer  et  al.,  1981; 
Miller  and  Guengerich,  1982;  Wilson  and  Wilson,  1985;  Nelson  et  al.,  1986;  Bouwer  and 
Wright,  1988;  Little  et  al.,  1988;  Mayer  et  al.,  1988;  Arciero  et  al.,  1989;  Cline  and 
Delfino,  1989;  Freedman  and  Gossett,  1989;  Folsom  et  al.,  1990;  Barker  and  Kim,  1990; 
Alvarez-Cohen  and  McCarty,  1991a,  1991b;  DeStefano  et  al.,  1991;  Henry,  1991; 
McCarty  et  al.,  1992;  Hartmans  and  de  Bont,  1992;  McCarty  and  Semprini,  1994;  Vogel, 
1994).  Biodegradation  of  CAHs,  while  similar  in  principle  to  biodegradation  of  BTEX, 
typically  results  from  a  more  complex  series  of  processes. 

Microorganisms  produce  energy  for  life  processes  (i.e.,  cell  production  and 
maintenance)  by  oxidizing'organic  matter.  Microorganisms  facilitate  the  degradation  of 
these  organic  compounds  by  transferring  electrons  from  the  electron  donor  to  available 
electron  acceptors.  The  amount  of  energy  that  can  be  released  when  a  reaction  occurs  or 
that  is  required  to  drive  the  reaction  to  completion  is  quantified  by  the  free  energy  of  the 
reaction  (Stumm  and  Morgan,  1981;  Chappelle,  1993;  Bouwer,  1994;  Godsey,  1994). 
Microorganisms  will  facilitate  only  those  reduction/oxidation  (redox)  reactions  that  will 
yield  energy.  By  coupling  the  oxidation  of  the  electron  donor  (e.g.,  fuel  hydrocarbons, 
native  organic  carbon,  low-molecular  weight  CAHs)  which  requires  energy,  to  the 
reduction  of  the  electron  acceptor  (e.g.,  oxygen,  nitrate,  manganese,  ferric  iron,  sulfate, 
carbon  dioxide,  and  possibly  chlorinated  solvents),  which  yields  energy,  the  overall 
reaction  will  yield  energy. 

In  a  pristine  aquifer,  native  organic  carbon  is  utilized  as  an  electron  donor  and  DO  is 
utilized  first  as  the  prime  electron  acceptor.  Where  anthropogenic  carbon  (e.g.,  fuel 
hydrocarbons  or  low-molecular-weight  CAHs)  is  present,  it  also  will  be  utilized  as  an 
electron  donor.  After  the  DO  is  consumed,  anaerobic  microorganisms  typically  use 
native  electron  acceptors  (as  available)  in  the  following  order  of  preference:  nitrate,  ferric 
iron  oxyhydroxide,  sulfate,  and  finally  carbon  dioxide. 

Whereas  BTEX  is  biodegraded  in  essentially  one  step  by  acting  as  an  electron 
donor/carbon  source,  CAHs  may  undergo  several  types  of  biodegradation  involving 
several  steps.  CAHs  may  undergo  biodegradation  through  three  different  pathways:  use 
as  an  electron  acceptor,  use  as  an  electron  donor,  or  cometabolism,  which  is  degradation 
resulting  from  exposure  to  a  catalytic  enzyme  fortuitously  produced  during  an  unrelated 
process.  At  a  given  site,  one  or  all  of  these  processes  may  be  operating,  although  at  many 
sites  the  use  of  CAHs  as  electron  acceptors  appears  to  be  the  most  likely.  Because  CAHs 
may  be  used  as  electron  acceptors  or  electron  donors  (in  competition  with  other  acceptors 
or  donors),  isopleth  maps  showing  the  distribution  of  these  compounds  can  provide 
evidence  on  the  types  and  locations  of  biodegradation  processes  acting  at  a  site.  In  order 
to  provide  a  foundation  for  interpreting  site  data,  the  following  sections  present  the  major 
biodegradation  processes  that  act  upon  CAHs. 

4.2.1  Electron  Acceptor  Reactions  (Reductive  Dechlorination) 

Under  anaerobic  conditions,  biodegradation  of  chlorinated  solvents  usually  proceeds 
through  a  process  called  reductive  dechlorination.  During  this  process,  the  halogenated 
hydrocarbon  is  used  as  an  electron  acceptor,  not  as  a  source  of  carbon,  and  a  halogen 
atom  is  removed  and  replaced  with  a  hydrogen  atom.  Figure  4.1  illustrates  the 
transformation  of  chlorinated  ethenes  via  reductive  dechlorination.  In  general,  reductive 
dechlorination  occurs  by  sequential  dechlorination  from  PCE  to  TCE  to  DCE  to  VC  to 
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ethene.  Depending  upon  environmental  conditions,  this  sequence  may  be  interrupted, 
with  other  processes  then  acting  upon  the  products.  During  reductive  dechlorination,  all 
three  isomers  of  DCE  can  theoretically  be  produced;  however,  Bouwer  (1994)  reports  that 
under  the  influence  of  biodegradation,  c/j-l,2-DCE  is  a  more  common  intermediate  than 
rra7j5-l,2-DCE,  and  that  1,1 -DCE  is  the  least  prevalent  intermediate  of  the  three  DCE 
isomers.  Reductive  dechlorination  of  chlorinated  solvent  compounds  is  associated  with 
the  accumulation  of  daughter  products,  an  elevated  ratio  of  the  cis-  to  tnms-  isomer  of 
1,2-DCE,  and  an  increase  in  chloride. 

Reductive  dechlorination  affects  each  of  the  chlorinated  ethenes  differently.  Of  these 
compounds,  PCE  is  the  rfiost  susceptible  to  reductive  dechlorination  because  it  is  the 
most  oxidized.  Conversely,.  VC  is  the  least  susceptible  to  reductive  dechlorination 
because  it  is  the  least  oxidized  of  these  compounds.  The  rate  of  reductive  dechlorination 
also  has  been  observed  to  decrease  as  the  degree  of  chlorination  decreases  (Vogel  and 
McCarty,  1985;  Bouwer,  1994).  Murray  and  Richardson  (1993)  have  postulated  that  this 
rate  decrease  may  explain  the  accumulation  of  VC  in  PCE  and  TCE  plumes  that  are 
undergoing  reductive  dechlorination. 

In  addition  to  being  affected  by  the  degree  of  chlorination  of  the  CAH,  reductive 
dechlorination  can  also  be  controlled  by  the  redox  conditions  of  the  site  groundwater 
system.  In  general,  reductive  dechlorination  has  been  demonstrated  under  anaerobic 
nitrate-  and  sulfate-reducing  conditions,  but  the  most  rapid  biodegradation  rates,  affecting 
the  widest  range  of  CAHs,  occur  under  methanogenic  conditions  (Bouwer,  1994). 
Dechlorination  of  PCE  and  TCE  to  DCE  can  proceed  under  mildly  reducing  conditions 
such  as  nitrate  reduction  or  iron  (III)  reduction  (Vogel  et  al.,  1987),  while  the 
transformation  of  DCE  to  VC,  or  the  transformation  from  VC  to  ethene  requires  more 
strongly  reducing  conditions  (Freedman  and  Gossett,  1989;  DeStefano  et  al.,  1991;  De 
Bruin  er  a/.,  1992). 

Because  CAH  compounds  are  used  as  electron  acceptors,  there  must  be  an  appropriate 
source  of  carbon  for  microbial  growth  in  order  for  reductive  dechlorination  to  occur 
(Bouwer,  1994).  Potential  carbon  sources  can  include  low-molecular- weight  compounds 
(e.g.,  lactate,  acetate,  methanol,  or  glucose)  present  in  natural  organic  matter,  or 
anthropogenic  sources  such  as  fuel  hydrocarbons. 

4.2.2  Electron  Donor  Reactions 

Under  aerobic  conditions  some  CAH  compounds  can  be  utilized  as  the  primary 
substrate  (i.e.,  electron  donor)  in  biologically  mediated  redox  reactions  (McCarty  and 
Semprini,  1994).  In  this  type  of  reaction,  the  facilitating  microorganism  obtains  energy 
and  organic  carbon  from  the  degraded  CAH.  In  contrast  to  reactions  in  which  the  CAH  is 
used  as  an  electron  acceptor,  only  the  least  oxidized  CAHs  (e.g.,  VC,  DCE,  or 
chlorobenzene)  may  be  utilized  as  electron  donors  in  biologically  mediated  redox 
reactions. 

For  example,  while  Murray  and  Richardson  (1993)  write  that  microorganisms  are 
generally  believed  to  be  incapable  of  growth  using  TCE  and  PCE,  other  less  chlorinated 
CAHs  have  been  shown  to  be  used  as  substrates.  Davis  and  Carpenter  (1990)  describe 
the  aerobic  oxidation  of  VC  in  groundwater.  McCarty  and  Semprini  (1994)  describe 
investigations  in  which  VC  and  1,2-DCA  were  shown  to  serve  as  primary  substrates. 
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These  authors  also  document  that  dichloromethane  has  the  potential  to  function  as  a 
primary  substrate  under  either  aerobic  or  anaerobic  environments.  Klier  et  al.  (1996) 
describe  aerobic  mineralization  of  all  three  isomers  of  DCE.  In  addition,  Bradley  and 
Chapelle  (1996)  show  evidence  of  oxidation  of  VC  under  iron-reducing  conditions  so 
long  as  there  is  sufficient  bioavailable  iron  (III). 

4.2.3  Cometabolism 

When  a  CAH  is  biodegraded  through  cometabolism,  it  serves  as  neither  an  electron 
acceptor  nor  a  primary  substrate  in  a  biologically  mediated  redox  reaction.  Instead,  the 
degradation  of  the  CAH  is  catalyzed  by  an  enzyme  or  cofactor  that  is  fortuitously 
produced  by  organisms  for  other  purposes.  The  organism  receives  no  known  benefit 
from  the  degradation  of  the  CAH;  rather  the  cometabolic  degradation  of  the  CAH  may  in 
fact  be  harmful  to  the  microorganism  responsible  for  the  production  of  the  enzyme  or 
cofactor  (McCarty  and  Semprini,  1994). 

Cometabolism  is  best  documented  in  aerobic  environments,  although  it  potentially 
could  occur  under  anaerobic  conditions.  Aerobic  biodegradation  pathways  for 
chlorinated  ethenes  are  illustrated  in  Figure  4.2.  It  has  been  reported  that  under  aerobic 
conditions,  chlorinated  ethenes,  with  the  exception  of  PCE,  are  susceptible  to 
cometabolic  degradation  (Murray  and  Richardson,  1993;  Vogel,  1994'  McCarty  and 
Semprini,  1994).  Vogel  (1994)  further  elaborates  that  the  cometabolism  rate  increases  as 
the  degree  of  dechlorination  decreases. 

In  the  cometabolic  process,  TCE  is  indirectly  transformed  by  bacteria  as  they  use 
BTEX  or  another  substrate  to  meet  their  energy  requirements.  Therefore,  TCE  does  not 
enhance  the  degradation  of  BTEX  or  other  carbon  sources,  nor  will  its  cometabolism 
interfere  with  the  use  of  electron  acceptors  involved  in  the  oxidation  of  those  carbon 
sources.  It  is  likely  that  depletion  of  suitable  substrates  (BTEX  or  other  organic  carbon 
sources)  limits  cometabolism  of  CAHs. 

4.2.4  Behavior  of  Chlorinated  Solvent  Plumes 

Chlorinated  solvent  plumes  can  exhibit  three  types  of  behavior  depending  on  the 
amount  of  solvent,  the  amount  of  organic  (native  and/or  anthropogenic)  carbon  in  the 
aquifer,  the  distribution  and  concentration  of  natural  electron  acceptors,  and  the  types  of 
electron  acceptors  being  utilized.  Individual  plumes  may  exhibit  all  three  types  of 
behavior  m  different  portions  of  the  plume.  The  different  types  of  plume  behavior  are 
summarized  below. 

4.2.4.1  Type  1  Behavior 

Type  1  behavior  occurs  where  the  primary  substrate  is  anthropogenic  carbon  (e.g., 
BTEX  or  landfill  leachate),  and  this  anthropogenic  carbon  drives  reductive 
dechlorination.  When  evaluating  natural  attenuation  of  a  plume  exhibiting  type  1 
behavior  the  following  questions  must  be  answered: 
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TCE 


1)  Is  the  electron  donor  supply  adequate  to  allow  microbial  reduction  of  the 
chlorinated  organic  compounds?  In  other  words,  will  the  microorganisms 
strangle  before  they  starve  [i.e.,  will  they  run  out  of  chlorinated  aliphatic 
hydrocarbons  (electron  acceptors)  before  they  run  out  of  primary  substrate 
(anthropogenic  carbon)]? 


2)  What  is  the  role  of  competing  electron  acceptors  (e.g.,  DO,  nitrate,  iron  (III)  and 
sulfate)? 

3)  Is  VC  being  oxidized,  or  is  it  being  reduced? 

r 

Type  1  behavior  results  in  the  rapid  and  extensive  degradation  of  the  highly  chlorinated 
solvents  such  as  PCE,  TCE,  and  DCE. 

4.2.4.2  Type  2  Behavior 


Type  2  behavior  dominates  in  areas  that  are  characterized  by  relatively  high 
concentradons  of  biologically  available  native  organic  carbon.  This  natural  carbon 
source  drives  reductive  dechlorination  (i.e.,  the  primary  substrate  for  microorganism 
growth  is  native  organic  carbon).  When  evaluating  natural  attenuation  of  a  Type  2 
chlorinated  solvent  plume,  the  same  questions  as  those  posed  in  the  description  of  Type  1 
behavior  must  be  answered.  Type  2  behavior  generally  results  in  slower  biodegradation 
of  the  highly  chlorinated  solvents  than  Type  1  behavior,  but  under  the  right  conditions 
(e.g.,  areas  with  high  natural  organic  carbon  contents),  this  type  of  behavior  also  can 
result  in  rapid  degradation  of  these  compounds. 

4.2.4.3  Type  3  Behavior 

Type  3  behavior  dominates  in  areas  that  are  characterized  by  low  concentrations  of 
native  and/or  anthropogenic  carbon,  and  concentrations  of  DO  that  are  greater  than 
1.0  mg/L.  Under  these  aerobic  conditions  reductive  dechlorination  will  not  occur.  Thus 
there  is  little  or  no  removal  of  PCE  and  TCE.  Biodegradation  may  proceed  via  the  much 
slower  process  of  cometabolism,  but  will  be  limited  by  the  low  concentrations  of  native 
or  anthropogenic  carbon.  The  most  significant  natural  attenuation  mechanisms  for  CAHs 
will  be  advection,  dispersion,  and  sorption.  However,  VC  can  be  rapidly  oxidized  under 
these  conditions,  DCE  may  be  oxidized,  and  cometabolism  also  may  occur. 

4.2.4.4  Mixed  Behavior 

As  mentioned  above,  a  single  chlorinated  solvent  plume  can  exhibit  all  three  types  of 
behavior  in  different  portions  of  the  plume.  This  can  be  beneficial  for  natural 
biodegradation  of  CAH  plumes.  For  example,  Wiedemeier  et  al.  (1997)  describe  a  plume 
at  Plattsburgh  AFB,  New  York  that  exhibits  Type  1  behavior  in  the  source  area  and  Type 
3  behavior  downgradient  from  the  source.  The  best  scenario  involves  a  plume  in  which 
PCE,  TCE,  and  DCE  are  reductively  dehalogenated  (Type  1  or  Type  2  behavior),  then 
VC  is  oxidized  (Tj^e  3  behavior),  either  aerobically  or  via  iron  reduction.  VC  is 
oxidized  to  carbon  dioxide  in  this  type  of  plume  and  does  not  accumulate.  The  following 
sequence  of  reactions  occurs  in  a  plume  that  exhibits  this  type  of  mixed  behavior. 

PCE  — >  TCE  DCE  ->  VC  ^Carbon  Dioxide 
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Note  that  no  ethene  is  produced  during  this  reaction.  VC  is  removed  from  the  system 
much  faster  under  these  oxidizing  conditions  than  it  is  under  VC-reducing  conditions. 

A  less  desirable  scenario,  but  one  in  which  all  contaminants  may  be  entirely 
biodegraded,  involves  a  plume  in  which  all  CAHs  are  reductively  dehalogenated  via  Type 
1  or  Type  2  behavior.  VC  is  reduced  to  ethene,  which  may  be  further  reduced  to  ethane 
or  methane.  The  following  sequence  of  reactions  occur  in  this  type  of  plume. 

PCE  ->  TCE  — >  DCE  ->  VC  — >  Ethene  or  Ethane 

This  sequence  has  been  irfvestigated  by  Freedman  and  Gossett  (1989).  In  this  type  of 
plume,  VC  degrades  more  slowly  than  TCE,  and  thus  tends  to  accumulate. 

4.3  DISTRIBUTION  OF  CAHS  AND  METABOLITES 

One  of  the  most  straightforward  methods  for  evaluating  the  site-specific  occurrence 
and  method(s)  of  biodegradation  of  CAHs  is  to  measure  the  distribution  of  target  CAHs 
and  the  metabolites  or  biodegradation  byproducts.  At  the  same  time,  it  is  also  useful  to 
measure  the  distribution  of  other  contaminants  that  may  be  acting  as  sources  of  electron 
donors  (e.g.,  BTEX). 

Because  reductive  dechlorination  is  the  most  common  biodegradation  reaction,  a 
typical  pattern  would  have  TCE  concentrations  being  highest  in  the  source  area,  with 
elevated  DCE  concentrations  (consisting  mostly  of  cw-l,2-DCE)  in  and  just 
downgradient  from  the  source  area  (Vogel,  1994).  VC  concentrations  could  be  present 
along  the  entire  plume  length,  with  the  highest  VC  concentrations  likely  to  be  found  near 
the  downgradient  end  of  the  CAH  plume.  If  VC  is  being  reductively  dehalogenated, 
dissolved  ethene  will  also  be  present  downgradient  of  the  source  area,  in  the  vicinity  of 
the  highest  concentrations  of  VC.  Data  collected  at  OU-1  are  discussed  in  the  following 
subsections. 

4.3.1  Distribution  of  TCE 

As  described  in  Section  1.2,  TCE  was  introduced  into  the  groundwater  as  a  result  of 
activities  at  OU-1.  Similar  to  previous  investigations,  the  April  1997  groundwater  quality 
data  indicate  that  TCE  is  the  most  prevalent  CAH  in  both  extent  and  concentration  in 
groundwater  at  OU-1.  Analytical  results  for  TCE  and  other  CAHs  dissolved  in 
groundwater  samples  are  summarized  in  Table  4.2  and  included  in  Appendix  C.  The 
areal  distribution  of  TCE  measured  in  April  1997  is  presented  on  Figure  4.3.  The  1997 
TCE  distribution  is  similar  to  that  measured  during  previous  sampling  events  performed 
by  USGS  (1992  and  1996)  and  USAGE  (1996)  (Appendix  A). 

The  source  of  TCE  contamination  appears  to  be  located  at  the  western  portion  of  LF- 
04,  evidenced  by  the  TCE  concentrations  in  groundwater  obtained  from  clustered 
monitoring  wells  OU-1-01,  OU-1-02,  and  OU-1-03  ranging  up  to  12,700  pg/L  (Figure 
4.3).  TCE  concentrations  in  the  suspected  source  area  are  consistent  with  results  from 
previous  investigations  (Parsons  ES,  1997).  The  TCE  plume  extends  southeastward 
approximately  4,000  feet  to  WL062  (3.2  pg/L).  TCE  concentrations  from  the  2,000  feet 
of  plume  between  OU-1-TW4  and  WL-062  are  diffuse  and  detected  intermittently.  For 
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TABLE  4.2 

CHLORINATED  ORGANIC  COMPOUNDS  DETECTED  IN  GROUNDWATER 
AND  SURFACE  WATER  (APRIL  1997) 

OUl 

REMEDIATION  BY  NATURAL  ATTENUATION  TS 
ALTUS  AFB,  OKLAHOMA 


Sample 

TCE 

C/5-/.2-DCE 

trans-1 ,2  -DQE 

1,1 -DCE 

1,2-DCB 

Chloroform 

Location 

(Hg/L)" 

(Pg/L) 

(pg/L) 

(pg/L) 

(Pg/L) 

(Pg/L) 

OU-I-01 

8.910 

1.340 

33.3 

4.3 

ND^' 

<1" 

OU-1-02 

11,400 

1.130 

19.2 

3.8 

ND 

1.1 

OU-1-03 

12.700 

1,080 

16.3 

3.5 

ND 

1.9 

OU-1-04 

1,670 

756 

148 

1.9 

ND 

ND 

OU-1-05 

ND 

63.2 

1.1 

<1 

ND 

ND 

OU-1-06 

360 

37.9 

8.1 

<1 

ND 

<1 

OU-l-TWl 

690 

118 

22.9 

1.8 

ND 

ND 

OU-1-TW2 

736 

54.1 

16.4 

l.I 

ND 

ND 

OU-1-TW3 

347 

28.7 

20 

2.1 

ND 

.ND 

OU-1-TW4 

51.1 

2.0 

1.4 

ND 

ND 

ND 

OU1-TW5 

<l 

<1 

ND 

ND 

ND 

ND 

OU-1-TW6 

ND 

ND 

ND 

ND 

<l 

ND 

OU-1-TW7 

ND 

ND 

ND 

ND 

ND 

<l 

OU-1-TW8 

483 

2.1 

<1 

<l 

ND 

<1 

OU-1-TW9 

<1 

ND 

ND 

ND 

ND 

ND 

OU-l-TWlO 

ND 

ND 

ND 

ND 

ND 

ND 

OU-l-TWll 

NS'^ 

NS 

NS 

NS 

NS 

NS 

OU-1-TW13 

ND 

ND 

ND 

ND 

<1 

ND 

OU-1-TW14 

<1 

ND 

ND 

ND 

ND 

ND 

OU-l-TW!5 

13.6 

<1 

ND 

ND 

ND 

ND 

OOOIU-MWl* 

ND 

ND 

ND 

ND 

ND 

ND 

WL018 

1.3 

<I 

ND  i 

ND 

<1 

ND 

WL019  ! 

224 

207 

27.4  i 

1.0 

<1 

ND 

WL020 

<1 

ND 

ND  1 

ND 

ND 

ND 

WL021 

41.8 

15.7 

3.4 

<1 

ND 

ND 

WL022 

36.2 

31.7 

4.3 

<l 

ND 

ND 

WL060 

ND 

ND 

ND 

ND 

ND 

ND 

WL061 

ND 

ND 

ND 

ND 

ND 

ND 

WL062 

3.2 

ND 

ND 

ND 

ND 

ND 

SB  lows 

NS 

NS 

NS 

NS 

NS 

NS 

SBIOWD 

NS  1 

NS 

NS 

NS 

NS 

NS 

SBllWS 

NS 

NS 

NS 

NS 

NS 

NS 

SBllWD 

457 

31.8 

6.8 

<1 

1.1 

<1 

SB15WS 

3,520 

444 

23.7 

1.9 

ND 

<1 

SB15WD 

NS 

NS 

NS 

NS 

NS 

NS 

SB16WS 

NS 

NS 

NS 

NS 

NS 

NS 

SB16WD 

NS 

NS 

NS 

NS 

NS 

NS 

RVOOl 

ND 

<1 

ND 

ND 

ND 

ND 

RV002 

<t 

<l 

ND 

ND 

ND 

ND 

RV003 

1.4 

<l 

ND 

ND 

ND 

ND 

RV004 

2.8 

<1 

ND 

ND 

ND 

ND 

RV005 

1.6 

<l 

ND 

ND 

ND 

ND 

a/  ^g/L  -  micrograms  per  liter,  c/  <  1  -  Compound  detected  below  limit  of  quantitation, 

h/  ND  =  Compound  not  detected.  d/  Monitoring  well/point  not  sampled 

Note;  TCE  =  trichloroethene;  IX?E  =  dichloroethene;  DCB  =  di chlorobenzene. 

•  OOOlUl-MWl  was  installed  and  sampled  subsequent  to  the  April  1997  RNA  TS,  and  available  data  has 
been  incorporated  into  this  report. 
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instance,  groundwater  samples  from  OU-1-TW5  and  OU-1-TW14  are  suspected  to 
contain  TCE,  but  the  amount  detected  was  below  the  analytical  reporting  limit. 

Expansion  of  the  TCE  plume  to  the  northeast  appears  to  be  limited  by  Stinking  Creek. 
None  of  the  groundwater  samples  collected  from  monitoring  wells  or  points  northeast  of 
Stinking  Creek  contained  detectable  levels  of  TCE  or  other  CAHs.  Stinking  Creek  may 
be  exerting  hydraulic  control,  resulting  in  no  further  TCE  plume  migration  northeast  of 
Stinking  Creek.  Hydraulic  control  could  occur  under  both  gaining-  and  losing-stream 
scenarios  and  could  vary  seasonally.  Under  a  losing-stream  scenario,  the  groundwater 
influx  could  create  a  barrier  to  flow  in  the  form  of  a  subtle  mound.  Under  a  gaining- 
stream  scenario,  a  significant  percentage  of  under-flow  could  be  captured  by  the  creek. 
Strack  (1989)  provides  an  example  in  which  a  gaining  stream  penetrated  one-tenth  of  the 
aquifer  thickness  and  captured  94  percent  of  the  groundwater  flow  from  its  upgradient 
side. 

The  vertical  extent  of  the  TCE  plume  is  defined  near  the  source  area  and  near  the 
center  of  the  downgradient  extent.  TCE  was  not  detected  in  the  groundwater  sample  from 
deep  monitoring  well  OU-1-05;  however,  TCE  was  detected  in  the  groundwater  sample 
from  OU-1-06  (360  pg/L).  TCE  was  not  detected  in  the  groundwater  sample  collected 
from  deep  well  OOOIUl-MWl,  which  was  installed  and  sampled  subsequent  to  the  RNA 
TS  by  WCC.  The  three  monitoring  wells  screened  within  the  shale  (OU-1-05,  OU-1-06, 
and  OOOIUl-MWl)  were  installed  during  and  following  the  RNA  TS;  therefore,  historical 
data  are  not  available  for  comparison. 

4.3.2  Distribution  of  DCE 

Isomers  of  DCE  detected  in  April  1997  groundwater  samples  include  ci.s- 1,2-DCE, 
trans-\,2-DCE,  and  1,1 -DCE  (Table  4.2).  The  DCE  isomer  detected  most  frequently  and 
at  the  highest  concentrations  (ranging  up  to  1,340  pg/L)  was  cz5-l,2-DCE.  c/5-l,2-DCE 
is  the  DCE  isomer  preferentially  produced  during  reductive  dechlorination  of  TCE 
(Section  4.2.1).  Lower  concentrations  of  trans-\,l-DCE  and  1,1 -DCE  (ranging  up  to 
33.3  and  4.3  pg/L,  respectively)  also  were  detected  during  the  April  1997  sampling  event. 
The  low  magnitudes  of  detected  trans-\,2-Y)CE  and  1,1 -DCE  concentrations  relative  to 
that  of  cz5'-1,2-DCE  are  common  in  environments  where  reductive  dechlorination  of  TCE 
is  occurring.  In  contrast,  a  greater  prevalence  of  the  tran5-l,2-DCE  isomer  would  be 
expected  where  DCE  was  used  as  an  industrial  solvent  (Arthur  D.  Little,  1985). 

The  areal  extent  of  the  m-l,2-DCE  plume  in  April  1997  (Figure  4.4)  mimics  the  TCE 
plume.  The  highest  concentrations  of  cw-l,2-DCE  were  detected  in  and  just 
downgradient  from  the  suspected  source  area  (wells  OU-1-01,  OU-1-02,  and  OU-1-03). 
The  downgradient  extent  of  the  a5-l,2-DCE  plume  is  near  OU-1-TW14.  cz5-l,2-DCE 
was  detected  in  the  groundwater  samples  from  deep  wells  OU-1-05  (though  TCE  was 
not)  and  OU-1-06;  it  was  not  detected  in  the  groundwater  sample  collected  from  OOOIUl- 
MWl  by  WCC  after  the  RNA  TS.  The  measured  concentrations  of  rra«j-l,2-DCE  and 
1,1 -DCE  (Figures  4.5  and  4.6)  also  are  significantly  lower  than  those  of  the  cis-  isomer  in 
groundwater  samples  from  the  vertical  extent  wells. 
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SURFACE  WATER  SAMPLING  LOCATION 


Source:  USAGE,  1996. 
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4.3.4  Distribution  of  VC 


None  of  the  groundwater  samples  obtained  in  April  1997  contained  detectable 
concentrations  of  VC,  a  biodegradation  product  of  DCE.  The  lack  of  VC  detections  in 
groundwater  at  OU-1  indicates  that  reductive  dechlorination  is  not  proceeding  past  the 
initial  step  that  involves  the  transformation  of  TCE  to  DCE  (Figure  4.1). 

4.3.5  Distribution  of  Ethene 

Ethene  is  the  end  product  in  the  series  of  reductive  dechlorination  reactions  that  begin 
with  TCE.  The  lack  of  VC^etections  in  groundwater  indicates  that  ethene  should  also  be 
scarce  in  groundwater  at  OU-1.  Ethene  was  not  detected  at  quantifiable  concentrations  in 
the  groundwater  samples  collected  for  this  TS  in  April  1997. 

4.3.6  Distribution  of  Other  Chlorinated  Organic  Compounds 

The  only  other  chlorinated  organic  compounds  detected  in  the  April  1997  groundwater 
samples  were  1,2-dichlorobenzene  (1,2-DCB)  and  chloroform  (Table  4.2).  1,2-DCB  was 
detected  at  1.1  pg/L  in  the  groundwater  sample  from  monitoring  point  SBllWD. 
Chloroform  was  detected  in  groundwater  samples  from  OU-1 -02  (1.1  pg/L)  and  OU-1 -03 
(1.9  pg/L). 

4.3.7  CAHs  in  Surface  Water 

In  April  1997,  surface  water  samples  for  VOC  analysis  were  collected  from  one 
location  in  a  drainage  canal  upgradient  of  LF-04  (RV-OOl)  and  four  locations  along 
Stinking  Creek  (RV-002  through  RV-005)  (Figure  2.2).  TCE  was  detected  at 
quantifiable  concentrations  in  surface  water  samples  from  RV-003  (1.4  pg/L),  RV-004 
(2.8  pg/L),  and  RV-005  (1.6  pg/L).  No  other  analytes  (CAHs  or  fuel  hydrocarbons)  were 
detected  in  the  surface  water  samples  (Table  4.2).  The  detection  of  TCE  in  surface  water 
samples  suggests  that  groundwater  containing  CAHs  is  discharging  to  Stinking  Creek 
east  of  Taxiway  “M”  during  at  least  some  portion  of  the  year.  The  substantially  lower 
TCE  concentrations  in  the  surface  water  samples  indicates  that  TCE  entering  Stinking 
Creek  is  being  attenuated  via  the  processes  of  dilution  and  volatilization. 

4.4  RNA  ANALYSIS 

Biodegradation  of  the  TCE  plume  in  OU-1  groundwater  appears  to  be  occurring, 
primarily  by  reductive  dechlorination  of  TCE  to  c/5-l,2-DCE.  Available  information 
indicates  that  the  TCE  plume  originating  at  LF-04  exhibits  Type  1  behavior,  where 
anthropogenic  carbon  (i.e.,  landfill  leachate)  concentrations  may  drive  reductive 
dechlorination.  Various  parameters  are  reviewed  in  the  following  subsections  to  further 
evaluate  the  occurrence  of  RNA. 

4.4.1  Field-Scale  Contaminant  Mass  Loss 

One  line  of  evidence  that  should  be  assessed  to  evaluate  the  occurrence  of  natural 
attenuation  of  CAHs  at  OU-1  is  the  change  in  dissolved  contaminant  concentrations  over 
time.  Historical  data  for  OU-1  are  limited,  as  only  five  monitoring  wells  (WL018, 
WL019,  WL020,  WL021,  AND  WL022)  have  been  sampled  periodically  during  the  past 
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several  years.  Most  of  the  previous  groundwater  samples  were  obtained  from  temporary 
monitoring  points  that  have  since  been  abandoned.  Groundwater  quality  data  for  samples 
collected  from  the  five  monitoring  wells  during  previous  investigations  and  during  the 
RNA  TS  indicate  that  TCE  concentrations  in  groundwater  have  fluctuated  through  time, 
but  overall  have  remained  relatively  constant  since  1989.  In  addition,  DCE 
concentrations  in  the  three  wells  along  the  western,  downgradient  edge  of  the  landfill 
exhibit  a  slightly  increasing  trend.  These  trends  support  reductive  dechlorination,  but  do 
not  suggest  significant  contaminant  mass  loss. 

4.4.2  Presence  of  Metabolites 

r 

The  presence  of  TCE  biodegradation  metabolites  that  were  not  used  in  Base 
operations,  particularly  cw-l,2-DCE,  is  a  direct  indication  of  TCE  reductive 
dechlorination  and  provides  specific  evidence  supporting  the  attenuation  of  CAH 
compounds.  Progressive  transformation  of  TCE  to  c/5-l,2-DCE  as  the  contamination 
migrates  away  from  the  source  area  can  be  evaluated  by  computing  the  molar  ratio  of 
TCE  to  cz5-1,2-DCE  concentrations  along  the  TCE  plume  axis.  The  molar  ratios  for  one 
monitoring  well  (OU-1-03)  and  five  monitoring  points  (SBllWD,  OU-l-TWl,  OU-1- 
TW2,  OU-1-TW3,  and  OU-1-TW4)  from  the  April  1997  sampling  event  are  shown  on 
Figure  4.7.  Because  reductive  dechlorination  proceeds  in  only  one  direction  (i.e.,  TCE  to 
DCE  and  not  vice  versa)  and  because  TCE  does  not  enter  groundwater  downgradient  of 
the  landfill,  the  TCE  to  DCE  ratio  would  decrease  along  the  flowpath  where  reductive 
dechlorination  of  TCE  dominates  the  contaminant  attenuation  process.  The  lowest  ratio 
is  found  at  OU-l-TWl,  indicating  that  TCE  is  being  reductively  dechlorinated  most 
significantly  in  the  suspected  source  area  and  immediately  downgradient.  However, 
downgradient  from  OU-l-TWl,  the  ratio  begins  to  increase.  This  means  that  cis-\,2- 
DCE  concentrations  are  decreasing  more  rapidly  than  TCE  concentrations.  Because  VC 
(the  DCE  reductive  dechlorination  metabolite)  is  not  observed,  DCE  oxidation  is  inferred. 
Because  optimal  conditions  for  DCE  oxidation  implies  less-than-optimal  conditions  for 
TCE  reductive  dechlorination,  TCE  biodegradation  is  assumed  to  cease  downgradient 
from  OU-l-TWl. 

4.4.3  Chloride  as  an  Indicator  of  Dechlorination 

Chloride  is  removed  from  CAHs  during  dechlorination  degradation  and  enters 
solution.  Therefore,  chloride  concentrations  in  groundwater  should  increase  above 
background  within  the  plume  where  degradation  is  occurring.  Chloride  concentrations 
are  presented  in  Table  4.3,  and  Figure  4.8  shows  the  distribution  of  chloride  in 
groundwater  at  the  site.  The  highest  chloride  concentrations  (>500  mg/L)  were  detected 
within  the  downgradient  portion  of  the  plume.  Background  chloride  concentrations 
ranged  from  321  mg/L  (WL020)  to  384  mg/L  (WL018).  Analytical  data  indicate  that 
chloride,  generated  as  a  byproduct  of  reductive  dechlorination  occurring  in  the  TCE 
plume  and  oxidation  of  the  resulting  DCE  plume,  is  migrating  in  the  direction  of 
groundwater  flow  (southeast).  Data  also  indicate  that  CAH  degradation  (and  the 
generation  of  chloride)  is  occurring  in  the  shale.  Chloride  concentrations  were  elevated 
in  two  deep  monitoring  wells  within  the  TCE  plume,  containing  657  and  81 1  mg/L  (OU- 
1-06  and  WL061,  respectively),  whereas  monitoring  well  OU-1-05,  screened  below  TCE 
vertical  extent,  contained  390  mg/L  of  chloride. 
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FIGURE  4.7 

RATIO  OF  TCE  TO  cis-l,2-DCE  VS.  DISTANCE  FROM  SOURCE  AREA 

OU-1 

REMEDIATION  BY  NATURAL  ATTENUATION  TS 
ALTUS  AFB,  OKLAHOMA 
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TABLE  4.3 

GROUNDWATER  GEOCHEMICAL  DATA  (APRIL  1997) 
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4.4.4  Redox  Potential  and  Dissolved  Hydrogen  as  Indicators  of  Redox  Processes 

As  described  in  Section  4.2,  microorganisms  will  facilitate  those  redox  reactions  that 
yield  energy.  For  example,  by  coupling  the  oxidation  of  fuel  hydrocarbon  compounds  or 
native  organic  carbon,  which  requires  energy,  to  the  reduction  of  other  compounds,  such 
as  oxygen,  nitrate,  manganese,  ferric  iron,  sulfate,  carbon  dioxide,  or  possibly  c/5- 1,2- 
DCE,  which  yield  energy,  the  overall  reaction  will  yield  energy.  Figure  4.9  illustrates  the 
sequence  of  microbially  mediated  redox  processes  and  identifies  the  approximate  ranges 
of  ORPs  that  are  favorable  for  each  reaction.  In  general,  reactions  yielding  more  energy 
tend  to  occur  more  readily  than  processes  that  yield  less  energy  (Stumm  and  Morgan. 
1981;  Godsey,  1994).  As'-Figure  4.9  indicates,  oxygen  reduction  would  be  expected  to 
occur  in  an  aerobic  environment  with  microorganisms  capable  of  aerobic  respiration, 
because  oxygen  yields  significant  energy  (Bouwer,  1992;  Chapelle,  1993).  However, 
once  the  available  oxygen  is  depleted  and  anaerobic  conditions  prevail,  anaerobic 
microorganisms  can  utilize  alternate  electron  acceptors  in  the  following  order  of 
preference:  nitrate  (denitrification),  manganese  (manganese  reduction),  ferric  iron  (iron 
reduction),  sulfate  (sulfate  reduction),  and  carbon  dioxide  (methanogenesis).  Each 
successive  redox  reaction  provides  less  energy  to  the  system,  and  each  decrease  in  redox 
energy  yield  is  paralleled  by  an  ecological  succession  of  microorganisms  capable  of 
facilitating  the  pertinent  reactions. 

ORPs  measured  in  groundwater  of  the  OU-1  area  in  April  1997  ranged  from  -179  to 
220  millivolts  (mV)  (Table  4.3).  Negative  ORP  values  in  groundwater  were  limited  to 
wells  WL022  and  OU-1 -05.  The  presence  of  relatively  reducing  conditions  is  an 
indication  that  conditions  are  favorable  for  reductive  dechlorination  to  occur  in  these 
areas.  The  remainder  of  the  values  ranged  from  33  to  220  mV,  indicating  a  reducing 
environment  that  is  favorable  for  denitrification  and  manganese  reduction.  This  range, 
however,  is  outside  the  optimal  range  for  reductive  dechlorination,  but  within  the  possible 
range.  Furthermore,  it  is  important  to  note  that  field  measurements  for  ORP  may  be 
biased  high  and  in  addition,  that  field  ORP  data  alone  cannot  reliably  predict  the  electron 
acceptors  that  are  operating  at  the  site,  because  the  platinum  electrode  probes  are  not 
sensitive  to  some  redox  couples  (e.g.,  sulfate/sulfide)  (Stumm  and  Morgan,  1981; 
Godsey,  1994;  Lovleyefa/.,  1994). 

Concentrations  of  dissolved  hydrogen  (H,)  also  can  be  used  to  evaluate  redox 
processes  in  groundwater  systems  (Lovley  and  Goodwin,  1988;  Lovley  et  al.,  1994; 
Chapelle  et  al.,  1995).  H,  is  continuously  produced  in  anaerobic  groundwater  systems  by 
fermenting  microorganisms  that  decompose  natural  and  anthropogenic  organic  matter. 
H,  is  then  consumed  by  respiratory  microorganisms  that  use  nitrate,  ferric  iron,  sulfate  or 
carbon  dioxide  as  terminal  electron  acceptors.  The  microorganisms  exhibit  different 
efficiencies  in  utilizing  the  H,  that  is  being  continually  produced.  Nitrate  reducers  are 
highly  efficient  H,  utilizers,  maintaining  very  low  H,  concentrations.  Ferric  iron  reducers 
are  significantly  less  efficient  and  thus  maintain  higher  H,  concentrations,  and  sulfate 
reducers  are  even  less  efficient.  Because  each  terminal  electron  accepting  process  is 
associated  with  a  characteristic  concentration,  H,  concentrations  can  be  an  indicator  of 
predominant  redox  processes.  These  characteristic  ranges  are  given  in  Table  4.4. 
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ORP  (mV) 
-179  to  220 


+1000 


Higher 


O,  Reduction 


Denitrification 


Manganese  Reduction 


Relative 
Energy 
Yield  for 
Redox 
Reaction 


Sulfate  Reduction 


Methanogenesis 


Lower 


Notes  _ 

ORP  =  Oxidation  Reduction  Potential 

Range  of  ORP  measured  at  OU-1  LF-04,  Altus  AFB 

1 .  These  reactions  would  be  expected  to  occur  in 
sequence  if  the  system  is  moving  toward 
equilibrium. 


2.  These  redox  processes  occur  in  order  of  their 
energy-yielding  potential  (provided  microorganisms 
are  available  to  mediate  a  specific  reaction).  Re¬ 
duction  of  a  highly  oxidized  species  decreases  the 
ORP  of  the  system. 

3.  The  ORP  of  the  system  determines  which  electron 
acceptors  are  available  for  organic  carbon 
oxidation. 

4.  Redox  sequence  is  paralleled  by  an  ecological 
succession  of  biological  mediators. 

Adapted  from  Stumm  and  Morgan,  1981. 


FIGURE  4.9 
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TABLE  4.4 

RANGE  OF  HYDROGEN  CONCENTRATIONS  OF  VARIOUS  TERMINAL 
ELECTRON  ACCEPTOR  PROCESSES 
OU-l 

REMEDIATION  BY  NATURAL  ATTENUATION  TS 
ALTUS  AFB,  OKLAHOMA 


Terminal  Electron-Accepting  Process 

Hydrogen  Concentration  (nM/L)'*' 

Denitrification 

<0.1 

Ferric  Iron  Reduction 

0.2  -  0.8 

Sulfate  Reduction 

1-4 

Methanogenesis  (CO,  Reduction) 

5-20 

nM/L  =  nanomoles  per  liter. 


Dissolved  H,  concentrations  measured  in  groundwater  in  the  OU-l  area  in  April  1997 
are  summarized  in  Table  4.3.  Detected  concentrations  ranged  from  0.14  to  2.24 
nanomoles  per  liter  (nM/L).  The  highest  concentrations  were  measured  at  the 
suspected  source  area  in  samples  from  OU-1-01  (2.15  nM/L),  OU-1-03  (2.24  nM/L),  and 
OU-l -04  (1.12  nM/L),  suggesting  that  sulfate-reducing  conditions  conducive  to  the 
occurrence  of  TCE  reductive  dechlorination  are  present  in  this  area.  The  remaining  H, 
concentrations  ranged  from  0.14  to  0.66  nM/L,  indicating  ferric-iron-reducing  conditions' 
The  magnitudes  of  these  values  suggest  that  the  dominant  electron  accepting  process 
varies  spatially  within  the  study  area.  H,  was  measured  in  groundwater  from  one  deep 
monitoring  well,  WL061,  which  had  0.29  nM/L  H,,  indicating  iron-reducing  conditions. 

4.4.5  Electron  Donors 

When  investigating  the  biodegradation  of  CAHs,  it  is  necessary  to  examine  the 
distribution  of  other  compounds  that  are  used  in  the  microbially  mediated  reactions  that 
facilitate  CAH  degradation.  The  distributions  of  potential  electron  donors,  including 
BTEX  compounds  and  dissolved  native  organic  carbon,  are  useful  for  evaluating  the 
feasibility  of  reductive  dechlorination  or  cometabolism  (i.e.,  CAH  degradation  reactions 
involving  another  substrate). 

4.4.5. 1  BTEX  in  Groundwater 

The  presence  of  fuel  hydrocarbons,  specifically  BTEX,  in  the  same  area  as  the  CAH 
plume  creates  favorable  conditions  for  reductive  dechlorination,  because  the  BTEX  can 
function  as  an  electron  donor  and  facilitate  microbial  reactions  that  drive  down  the  local 
groundwater  DO  concentration.  Fuel  hydrocarbons,  including  BTEX,  TMBs,  and  total 
fuel  carbon,  were  detected  in  six  groundwater  samples  in  April  1997  (Table  4.5).  TMBs 
are  largely  biologically  recalcitrant  (nonbiodegradable)  under  anaerobic  conditions,  and 
are  therefore  used  as  tracer  compounds  in  groundwater.  The  areal  extent  of  BTEX  is 
shown  on  Figure  4.10.  The  source  area  for  BTEX  appears  to  be  the  same  or  near  to  the 
source  area  for  TCE;  however,  the  highest  concentration  of  BTEX  was  detected  in  the 
groundwater  sample  from  OU-1-TW2  (43.0  pg/L).  BTEX  were  detected  in  only  one 
deep  monitoring  well  (OU-1-06  at  4.5  pg/L).  The  downgradient  extent  of  BTEX  lies 
between  wells  OU-1-TW5  and  OU-1-TW6  (Figure  4.10),  with  the  BTEX  plume  wholly 
encompassed  by  the  TCE  plume  and  coincident  with  the  axis  of  the  TCE  plume.  Unlike 
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TABLE  4.5 

^UEL  HYDROCARBONS  DETECTED  IN  GROUNDWATER  AND  SURFACE  WATER  (APRIL  1997) 

OU-l 

REMEDIATION  BY  NATURAL  ATTENUATION  TS 
ALTUS  AFB,  OKLAHOMA 


Sample 

Location 


OU-1-01 


OU-U02 


OU>1-03 


OU-U04 


OU-1-05 


OU-I-06 


OU-l-TWl 


OU-1-TW2 


OU-1-TW3 


OU-I-TW4 


OU1-TW5 


OU-1-TW6 


OU-1-TW7 


OU-1-TW8 


OU-1-TW9 


OL'-l-TWlO 


OU-I-TWII 


OU-1-TW13 


OU-l-T\V14 


OU-1-TW15 


OOOIUl-MWl 


WL018 


WL019 


WL020 


WL02I 


WL022 


VVL060 


WL061 


\VL062 


SBIOWS 


SBIOWD 


SBllWS 


SBllWD 


SB15WS 


SB15WD 


SB16WS 


SBI6WD 


RVOOl 


RV002 


RV003 


RV004 


RV005 


pg/L  =  Micrograms  per  liter.  NA  =  Not  analyzed. 

BTEX  =  Benzene,  toluene,  ethylbenzene  and  xylenes.  <  1  =  Compound  detected  below  limit  of  quantitation. 

TMB  =  Trimethylbenzene.  *'  NS  =  Not  sampled.. 

ND  =  Compound  not  detected. 


NS 

NS 

NS 

NS 

NS 

NS 

NA 

ND 

NA 

ND 

NA 

ND 

NA 

ND 

NA 

ND 

=  Not  analyzed. 

=  Compound  detected  below 
=  Not  sampled.. 


limit  of  quantitation. 


L  J 
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SURFACE  WATER  SAMPLING  LOCATION 


Source:  USAGE.  1996. 


TCE,  BTEX  were  detected  in  the  groundwater  sample  from  a  monitoring  point  northeast 
of  Stinking  Creek  (2.5  pg/L  in  OU-l-TWlO).  Where  BTEX  compounds  are  present  and 
the  ORP  is  sufficiently  low,  BTEX  may  be  supplying  organic  carbon  for  the  reductive 
dechlorination  of  TCE,  indicating  Type  1  plume  behavior  (Section  4.2.4). 

4.4.5.2  Organic  Carbon  in  Groundwater 

Dissolved  native  organic  carbon  also  can  act  as  a  source  of  electron  donors  to  reduce 
the  groundwater  ORP  and  sustain  the  reductive  dechlorination  of  CAHs.  In  wells  outside 
of  the  area  containing  high  concentrations  of  dissolved  BTEX  (anthropogenic  organic 
carbon),  dissolved  TOC  concentrations  can  be  used  as  an  indicator  of  the  availability  of 
native  carbon  compounds  in  site  groundwater.  Background  concentrations  of  dissolved 
TOC  in  site  groundwater  range  from  0.290  mg/L  to  45.8  mg/L  (Table  4.3).  Wiedemeier 
et  al.  (1996)  indicate  that  dissolved  TOC  concentrations  less  than  20  mg/L  may  not  be 
sufficient  to  significantly  and  sustainably  drive  dechlorination  reactions.  Dissolved  TOC 
was  detected  in  only  two  wells  (OU-1-03  and  OU-1-TW6)  at  concentrations  greater  than 
20  mg/L.  All  other  detections  from  wells  at  the  site  were  less  than  20  mg/L.  This  native 
carbon  source  may  be  insufficient  to  provide  a  continuing  source  of  electron  donors  to  be 
used  in  microbial  redox  reactions  (Type  2  plume  behavior  -  Section  4.2.4);  however,  it 
may  be  instrumental  in  facilitating  the  geochemical  conditions  spawned  by  the 
anthropogenic  carbon. 

4.4.6  Alternate  Electron  Acceptors  and  Metabolic  Byproducts 

Biodegradation  of  organic  compounds,  whether  natural  or  anthropogenic,  brings  about 
measurable  changes  in  the  chemistry  of  groundwater  in  the  affected  area.  Concentrations 
of  compounds  used  as  electron  acceptors  (e.g.,  DO,  nitrate,  and  sulfate)  are  depleted  and 
byproducts  of  electron  acceptor  reduction  (e.g.,  ferrous  iron,  methane,  and  sulfide)  are 
produced.  By  measuring  these  changes,  it  is  possible  to  evaluate  the  significance  of 
natural  attenuation  at  the  site. 

4.4.6.1  Dissolved  Oxygen 

Reductive  dechlorination  is  an  anaerobic  process,  therefore  DO  concentrations  above 
approximately  1.0  mg/L  may  suppress  the  reductive  dechlorination  pathway.  Highly 
chlorinated  compounds,  such  as  TCE,  are  biologically  recalcitrant  under  aerobic 
conditions.  DO  concentrations  were  measured  at  monitoring  wells  and  points  during  the 
April  1997  sampling  event.  These  concentrations  are  summarized  in  Table  4.3  and 
displayed  on  Figure  4.1 1.  DO  concentrations  ranged  from  less  than  0.1  mg/L  at  WL019, 
WL021,  WL022,  WL062,  OU-1-TW8,  OU-1-01,  and  OU-1-02  to  4.3  mg/L  in  well  OU-1- 
TWIO.  Background  DO  concentrations  measured  outside  of  the  TCE  plume  also  ranged 
from  0.1  to  4.3  mg/L  and  averaged  1.18  mg/L.  DO  concentrations  within  the  100-pg/L 
TCE  isopleth  (Figure  4.3)  ranged  from  less  than  0.1  to  4.1  mg/L  and  averaged  0.95  mg/L. 
DO  concentrations  below  1 .0  mg/L  through  most  of  the  TCE  plume  area  as  well  as  parts 
of  the  background  indicate  that  anaerobic  conditions  exist  throughout  much  of  the  area. 
Most  DO  concentrations  in  excess  of  1.0  mg/L  were  measured  in  close  proximity  to 
either  Stinking  Creek  or  other  waterways. 
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4.4.6.2  Nitrate/Nitrite 


After  DO  has  been  depleted  in  the  microbiologically  active  zone,  nitrate  may  be  used 
as  an  electron  acceptor  for  anaerobic  biodegradation  of  organic  carbon  via  denitrification. 
Nitrate  concentrations  below  background  in  areas  with  high  organic  carbon 
concentrations  and  low  DO  concentrations  are  indicative  of  denitrification.  The  o.xidation 
of  organic  carbon  via  the  process  of  denitrification  (using  nitrate  as  an  electron  acceptor) 
yields  a  relatively  large  amount  of  free  energy  to  microorganisms,  and  therefore  is 
energetically  preferable  to  the  use  of  CAHs  as  electron  acceptors.  If  nitrate 
concentrations  exceed  1  mg/L,  then  microorganisms  may  use  nitrate  instead  of  CAHs  to 
produce  energy  (Wiedemeier  et  al.,  1996). 

Concentrations  of  nitrate  +  nitrite  (as  nitrogen)  were  measured  at  monitoring  wells  and 
points  during  the  April  1997  sampling  event.  These  concentrations  are  summarized  in 
Table  4.3  and  displayed  on  Figure  4.12.  Nitrate  +  nitrite  nitrogen  within  the  TCE  plume 
is  depleted  (<  1  mg/L),  allowing  TCE  to  be  utilized  as  an  electron  acceptor. 
Concentrations  of  nitrate  +  nitrite  nitrogen  at  background  locations  are  significantly 
higher,  ranging  from  0.79  (OU-1-TW6)  to  7.80  mg/L  (OU-1-TW9).  It  appears  that  nitrite 
and  nitrate  are  being  utilized  as  electron  acceptors  during  the  metabolism  of  naturally- 
occurring  organic  carbon,  and  that  naturally  occurring  (background)  concentrations  of 
nitrate  +  nitrite  nitrogen  are  sufficient  to  be  utilized  by  microorganisms  to  produce 
energy. 

4.4.6.3  Ferrous  Iron 

Although  relatively  little  is  known  about  the  anaerobic  metabolic  pathways  involving 
the  reduction  of  ferric  iron  (Fe^'")  to  ferrous  iron  (Fe’"),  this  process  has  been  shown  to  be 
a  major  metabolic  pathway  for  some  microorganisms  (Lovley  and  Phillips,  1988; 
Chapelle,  1993).  The  reduction  of  ferric  iron  results  in  the  formation  of  ferrous  iron. 
Elevated  concentrations  of  ferrous  iron  often  are  found  in  anaerobic  groundwater 
systems.  These  concentrations  once  were  attributed  to  the  spontaneous  and  reversible 
reduction  of  ferric  oxyhydroxides,  which  are  thermodynamically  unstable  in  the  presence 
of  organic  compounds  such  as  BTEX,  TMB,  and  naphthalene.  However,  laboratory 
evidence  suggests  that  the  reduction  of  ferric  iron  cannot  proceed  at  all  without  microbial 
mediation  (Lovley  and  Phillips,  1988;  Lovley  et  al.,  1991;  Chapelle,  1993).  None  of  the 
common  organic  compounds  found  in  low-temperature,  neutral,  reducing  groundwater 
could  reduce  ferric  oxyhydroxides  to  ferrous  iron  under  sterile  laboratory  conditions 
(Lovley  et  al.,  1991).  This  means  that  the  reduction  of  ferric  iron  requires  mediation  by 
microorganisms  with  the  appropriate  enzymatic  capabilities. 

To  determine  if  ferric  iron  is  being  used  as  an  electron  acceptor  for  CAH 
biodegradation  at  the  OU-1  site,  ferrous  iron  concentrations were  measured  at  selected 
groundwater  monitoring  wells  and  monitoring  points  in  April  1997.  These 
concentrations  are  summarized  in  Table  4.3.  Ferrous  iron  was  not  detected  in  any 
groundwater  sample  analyzed.  This  absence  indicates  that  microbial  biodegradation  via 
iron  reduction  is  not  an  important  process  in  the  contaminant  plume  at  the  site. 
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4.4.6A  Sulfate 


Sulfate  also  may  be  used  as  an  electron  acceptor  during  microbial  degradation  of 
organic  carbon  under  anaerobic  conditions  (Grbic-Galic,  1990).  This  redox  reaction  is 
commonly  called  sulfate  reduction.  Sulfate  is  reduced  to  sulfide  during  the  oxidation  of 
organic  carbon  compounds.  Wiedemeier  et  al,  (1996b)  report  that  sulfate  may  compete 
with  CAHs  as  an  electron  acceptor  (sulfate  may  be  preferentially  used  by  microorganisms 
instead  of  CAHs)  if  sulfate  concentrations  exceed  20  mg/L.  To  investigate  the  potential 
for  sulfate  reduction  at  OU-1,  sulfate  and  hydrogen  sulfide  (H,S)  concentrations  were 
measured  at  groundwater  monitoring  wells  and  monitoring  points  during  the  April  1997 
sampling  event.  Under  pH  conditions  found  throughout  OU-1  (Section  4.4.7.2),  sulfide 
will  exist  as  H,S  (Snoeyink  and  Jenkins,  1980).  Sampling  results  are  summarized  in 
Table  4.3. 

Sulfate  concentrations  at  OU-1  ranged  from  680  mg/L  to  3,620  mg/L  and  averaged 
2,056  mg/L.  The  site-wide  detection  of  sulfate  concentrations  greater  than  20  mg/L 
indicates  that  use  of  CAHs  as  electron  acceptors  under  sulfate-reducing  conditions  may 
be  inhibited  due  to  the  preferential  use  of  sulfate.  Hydrogen  sulfide  was  not  detected  in 
groundwater  from  the  one  monitoring  well  sampled  for  this  parameter,  providing  no 
indication  of  the  occurrence  of  sulfate  reduction. 

4.4.6.5  Methane 

Under  highly  reducing  conditions,  carbon  dioxide  is  utilized  as  an  electron  acceptor, 
producing  methane  (methanogenesis).  Methane  concentrations  were  measured  in 
groundwater  samples  collected  in  April  1997  to  determine  if  methanogenesis  is  occurring 
in  site  groundwater.  Table  4.3  lists  methane  concentrations,  which  ranged  from  <0.001  to 
0.078  mg/L  at  the  site.  Figure  4.13  shows  the  distribution  of  methane  in  site 
groundwater.  The  highest  methane  concentration  was  detected  in  monitoring  well 
WL022,  located  upgradient  from  the  suspected  source  area.  Methane  is  commonly  found 
in  groundwater  near  landfill  areas,  such  as  LF-04. 

4.4.6.6  Volatile  Fatty  Acids 

Fatty  acids  are  synthesized  by  microorganisms  to  be  used  in  the  production  of  lipids 
necessary  for  incorporation  into  various  membranes.  A  portion  of  these  fatty  acids  are 
volatile.  VFAs  are  produced  when  the  bacterial  cell  has  obtained  the  required  energy 
from  metabolism  of  a  carbon  source  (i.e.,  BTEX,  CAHs,  or  naturally  occurring  organic 
carbon).  After  VFAs  are  secreted  from  the  bacterial  cell,  they  volatilize  fairly  rapidly; 
therefore  detection  of  VFAs  in  groundwater  is  a  strong  indication  of  recent  metabolic 
activity  and  possibly  biodegradation  of  BTEX  or  CAHs.  The  standard  method  of  VFA 
analysis  performed  by  USEPA  researchers  is  a  gas  chroniatography/mass  spectrometry 
method  in  which  groundwater  samples  are  compared  to  a  standard  mixture  containing  58 
phenols,  aromatic  acids,  and  aliphatic  acids. 

Samples  for  VFA  analysis  were  collected  from  three  monitoring  wells  in  or  near  the 
source  area  (WL022,  OU-1-01,  and  OU-1-02)  in  April  1997.  Results  are  presented  in 
Table  4.6  and  Appendix  C.  Nine  of  the  58  compounds  analyzed  were  detected  in  various 
samples.  2-Ethylhexanoic  acid  was  detected  at  the  highest  concentrations  (ranging  up  to 
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TABLE  4.6 

VOLATILE  FATTY  ACIDS  DETECTED  IN  GROUNDWATER 

OU-l 

REMEDIATION  BY  NATURAL  ATTENUATION  TS 
ALTUS  AFB,  OKLAHOMA 


Volatile  Fatty 

Acid  ing/Lf 

WL022 

OU-1-01 

OU-1-02 

Trimethylacetic  Acid 

10 

9 

10 

Pentanoic  Acid 

o'"' 

<3 

3 

Hexanoic  Acid 

4 

5 

10 

Phenol 

4 

4 

<3 

2-Ethylhexanoic  Acid 

35 

33 

35 

Heptanoic  Acid 

<3 

<3 

4 

Octanoic  Acid 

<3 

<3 

8 

Benzoic  Acid 

4 

5 

4 

Decanoic  Acid 

<3 

ND" 

4 

^  Units  are  micrograms  per  liter. 

Compound  detected  below  lowest  calibration  standard  (3  ng/L). 
Compound  not  detected. 
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35  parts  per  billion)  in  the  three  groundwater  samples.  Because  nine  VFAs  were  detected 
at  various  concentrations,  results  suggest  recent  microbial  activity. 

4.4.6.7  Ammonia 

The  presence  of  ammonia  in  groundwater  can  result  from  nitrate  reduction  (facilitated 
by  microorganisms),  fixing  of  atmospheric  nitrogen  (also  a  microbial  process),  or 
anthropogenic  sources  such  as  land  application  of  fertilizer.  Fixation  of  nitrogen 
normally  occurs  only  under  reducing  conditions  (ORP  less  than  -500  mV  [Stumm  and 
Morgan,  1981]).  Ammonia  was  not  detected  in  any  groundwater  samples  analyzed 
(Table  4.3). 

4.4.7  Additional  Geochemical  Indicators 

Other  geochemical  data  collected  for  this  evaluation  can  be  used  to  further  interpret 
and  support  the  contaminant,  electron  donor,  electron  acceptor,  and  byproduct  data 
previously  discussed.  These  parameters  provide  additional  qualitative  indications  of  what 
processes  may  be  operating  at  the  site. 

4.4.7.1  Alkalinity  and  Carbon  Dioxide  Evolution 

Carbon  dioxide  is  produced  during  the  biodegradation  of  native  or  anthropogenic 
organic  carbon  compounds.  In  aquifers  that  have  carbonate  minerals  as  part  of  the 
matrix,  carbon  dioxide  forms  carbonic  acid,  which  dissolves  these  minerals,  increasing 
the  alkalinity  of  the  groundwater.  An  increase  in  alkalinity  (measured  as  calcium 
carbonate  [CaCOj])  in  an  area  with  BTEX  or  chlorinated  solvent  (particularly  less- 
chlorinated  solvents)  concentrations  elevated  above  background  conditions  can  be  used  to 
infer  that  petroleum  hydrocarbons,  less-chlorinated  solvents,  or  native  organic  carbon 
have  been  destroyed  through  aerobic  and  anaerobic  microbial  respiration. 

Total  alkalinity  (as  CaCOj)  was  measured  in  groundwater  samples  collected  in  April 
1997.  These  measurements  are  summarized  in  Table  4.3.  Alkalinity  is  a  measure  of  the 
ability  of  groundwater  to  buffer  changes  in  pH  caused  by  the  addition  of  biologically 
generated  acids.  Total  alkalinity  at  the  site  varied  from  157  mg/L  to  504  mg/L.  This 
range  of  alkalinity  is  sufficient  to  buffer  potential  changes  in  pH  caused  by  biologically 
mediated  reactions  and  suggests  that  biodegradation  processes  should  not  cause 
detrimental  shifts  in  pH. 

Free  carbon  dioxide  concentrations  also  were  measured  in  groundwater  samples 
collected  in  November  1996  (Table  4.3).  As  shown  on  Figure  4.14,  carbon  dioxide 
concentrations  within  the  full  extent  of  the  chlorinated  solvent  plume  are  elevated  above 
background  concentrations.  Background  concentrations  are  about  80  to  160  mg/L,  while 
within  the  plume  area,  concentrations  are  in  the  range  of  80  to  400  mg/L.  Carbon  dioxide 
concentrations  above  background  result  from  both  aerobic  and  anaerobic  biodegradation 
processes  as  contaminants  are  ultimately  converted  to  carbon  dioxide  and  water. 

4.4.7.2  pH 

The  pH  of  groundwater  samples  collected  from  groundwater  monitoring  points  and 
monitoring  wells  in  April  1997  was  measured.  These  measurements  are  summarized  in 
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USAGE,  1996. 


Table  4.3.  Groundwater  pH  measured  at  the  site  ranges  from  6.8  to  8.1  standard  units. 
This  range  of  pH  is  within  the  optimal  range  for  CAH-degrading  microbes.  The  limited 
and  relatively  neutral  range  of  pHs  also  indicates  that  microbial  reactions  have  a  minimal 
effect  on  groundwater  pH,  likely  due  to  the  moderately  high  alkalinity  of  site 
groundwater. 

4.4.7.3  Temperature 

Groundwater  temperature  was  measured  at  groundwater  monitoring  points  and 
monitoring  wells  in  April  1997.  Table  4.3  summarizes  groundwater  temperature 
readings.  Temperature  affects  the  types  and  growth  rates  of  bacteria  that  can  be 
supported  in  the  groundwater,  environment,  with  higher  temperatures  generally  resulting 
in  higher  growth  rates.  The  temperature  of  groundwater  samples  ranged  from  12.2  to 
21.0  degrees  Celsius  (°C).  These  temperatures  are  within  the  optimal  growth  range  for 
relatively  rare  psychrophilic  microorganisms  and  below  optimal  for  the  more  common 
mesophilic  microorganisms  (Atlas,  1988),  suggesting  that  bacterial  growth  rates  will  be 
moderate. 

4.5  APPROXIMATION  OF  BIODEGRADATION  RATES 

Estimation  of  biodegradation  rate  constants  is  necessary  to  accurately  simulate  the  fate 
and  transport  of  contaminants  dissolved  in  groundwater.  Several  methods,  including 
first-  and  second-order  approximations,  may  be  used  to  estimate  the  rate  of 
biodegradation  of  chlorinated  compounds  when  they  are  being  used  to  oxidize  other 
organic  compounds.  Use  of  the  first-order  approximation  can  be  appropriate  to  estimate 
biodegradation  rates  for  chlorinated  compounds  where  the  rate  of  biodegradation  is 
assumed  to  be  controlled  solely  by  the  concentration  of  the  contaminant.  However,  the 
use  of  a  first-order  approximation  may  not  be  appropriate  when  more  than  one  substrate 
is  limiting  microbial  degradation  rates  or  when  microbial  mass  is  increasing  or 
decreasing.  In  such  cases,  a  second-  or  higher-order  approximation  may  provide  a  more 
accurate  estimate  of  biodegradation  rates.  The  preferred  method  of  contaminant 
biodegradation  rate  determination  is  by  use  of  field  data. 

Buscheck  and  Alcantar  (1995)  derive  a  relationship  that  allows  calculation  of  first- 
order  biodegradation  rate  constants  for  steady-state  plumes.  This  method  involves 
coupling  the  regression  of  contaminant  concentration  (plotted  on  a  logarithmic  scale) 
versus  distance  downgradient  (plotted  on  a  linear  scale)  to  an  analytical  solution  for  one¬ 
dimensional,  steady-state,  contaminant  transport  that  includes  advection,  dispersion, 
sorption,  and  biodegradation  (Bear,  1979).  For  an  expanding  plume,  this  first-order 
approximation  can  be  viewed  as  an  upper  bound  on  the  biodegradation  rate.  Use  of  this 
method  results  in  an  overestimation  of  the  rate  of  biodegradation  because  a  typical 
expanding  plume  exhibits  decreasing  source  area  concentrations,  increasing  downgradient 
concentrations,  or  both.  Over  time,  these  changes  result  in  a  decreasing  slope  on  a  log- 
linear  plot,  and  consequently  a  decreasing  biodegradation  rate. 

Another  method  for  estimating  dechlorination  rates  of  CAHs  is  described  by  Moutoux 
et  al.  (1996).  This  method  can  be  used  to  estimate  the  theoretical  contaminant 
concentration  resulting  from  reductive  dechlorination  alone  for  every  point  along  a  flow 
path  on  the  basis  of  the  measured  contaminant  concentration  at  the  point  of  plume  origin 
and  the  contaminant/tracer  ratios  between  consecutive  points  along  the  flow  path.  This 
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series  of  points  can  then  be  used  to  estimate  a  first-order  rate  of  biodegradation.  The 
carbon  core  of  the  CAH  compounds,  which  is  subject  to  the  same  non-destructive 
attenuation  mechanisms  that  act  on  the  larger  chlorinated  molecule,  but  is  unaffected  by 
biologically  mediated  reductive  dechlorination,  is  used  as  the  tracer.  This  method 
provides  a  total  dechlorination  rate  for  all  dechlorination  steps.  All  rates  (including  the 
rapid  TCE  to  DCE  rate  and  the  slow  VC  to  ethene)  are  averaged  in  using  the  Moutoux  et 
al.  (1996)  method.  Because  abiotic  reactions  and  reactions  that  involve  CAH  compounds 
in  the  role  of  an  electron  donor  are  not  included  in  this  rate,  the  rate  should  be  considered 
a  lower  bound  on  the  destructive  attenuation  rate 

Although  a  first-order  rate  assumption  may  provide  a  reasonable  approximation  of 
how  quickly  CAH  compounds  are  degrading  in  groundwater  systems,  this  approach  may 
not  provide  the  best  approximation  of  the  dechlorination  rate  of  CAH  compounds  in  the 
presence  of  an  electron  donor  such  as  BTEX.  These  reactions  may  be  more  appropriately 
approximated  by  a  second-order  rate  expression. 

The  Buscheck  and  Alcantar  (1995)  and  Moutoux  (1996)  methods  were  used  to 
estimate  first-order  biodegradation  rate  constants  for  CAHs  at  OU-1.  Because 
concentrations  of  the  parent  solvent  (TCE)  are  dominant,  the  rates  are  substantially 
equivalent  to  TCE  decay  rates.  The  decay  rate  calculations  are  summarized  in  Appendix 
D. 


Rates  of  CAH  biodegradation  estimated  from  data  collected  for  this  investigation 
range  from  8  x  10'*  to  2  x  10'^  day"'.  The  rates  computed  using  the  method  of  Buscheck 
and  Alcantar  (1995)  are  approximately  3  orders  of  magnitude  higher  than  the  rates 
derived  for  reductive  dechlorination  using  the  method  of  Moutoux  (1996).  As  described 
above,  the  Buscheck  and  Alcantar  method  can  be  viewed  as  an  upper  bound  on  the 
biodegradation  rate,  and  the  Moutoux  method  can  be  viewed  as  a  lower  limit  to  the  rate 
of  reductive  dechlorination.  Given  the  evidence  that  limited  reductive  dechlorination  is 
occurring  and  the  possibility  of  a  slowly  expanding  plume,  the  value  derived  using  the 
method  of  Moutoux  may  be  more  representative  of  the  rate  of  reductive  dechlorination  of 
TCE  occurring  at  OUl  beyond  the  confines  of  the  landfill.  However,  in  the  downgradient 
region  of  the  plume,  DCE  may  be  degraded  through  oxidation  reactions.  If  DCE  mass  is 
lost  to  processes  that  do  not  affect  the  TCE  mass  in  a  similar  fashion,  the  Moutoux  (1996) 
method  is  overly  conservative. 

4.6  SUMMARY 

The  dissolved  CAH  plume  appears  to  have  migrated  4,000  feet  southeast  of  the  source 
area  at  OUl.  Several  lines  of  chemical  and  geochemical  evidence  indicate  that,  although 
dissolved  TCE  at  OU-1  is  undergoing  biologically  facilitated  reductive  dechlorination, 
the  occurrence  of  this  process  is  limited.  Near  the  source  area,  this  is  most  clearly 
observed  by  a  decreasing  ratio  of  TCE  to, the  primary  metabolite  cA-l,2-DCE. 
Downgradient  from  the  source  area,  increasing  TCE  to  DCE  ratios  suggest  that  DCE  is 
degraded  through  oxidation  reactions,  while  the  TCE  mass  is  relatively  unaffected  by 
destructive  attenuation  mechanisms.  As  a  result,  the  parent  CAH  (TCE)  still  comprises 
the  majority  of  the  contamination  present  in  groundwater  throughout  most  of  the  plume. 

The  dissolved  CAH  plume  at  OU-1  exhibits  characteristics  of  Type  1  behavior.  The 
evidence  supporting  the  reductive  dechlorination  of  TCE  is  summarized  below: 
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The  presence  of  TCE  biodegradation  metabolites  in  groundwater  in  the  source  area 
and  central  portion  of  the  TCE  plume  that  were  not  used  in  Base  operations,  particularly 
ci5-l,2-DCE,  is  a  direct  indication  that  TCE  is  being  reductively  dechlorinated  in  these 
areas; 

The  presence  of  elevated  chloride  concentrations  in  the  southeastern  (downgradient) 
portion  of  TCE  plume  indicates  that  biodegradation  reactions  are  occurring  in  the  source 
area  and  central  portion  of  the  TCE  plume  and  that  chloride  is  migrating  in  the  direction 
of  groundwater  flow; 

DO,  ORP,  and  dissolved  H,  data  indicate  that  the  groundwater  environment  is 
anaerobic,  but  not  optimally  reducing,  in  the  source  area  and  central  portion  of  the  TCE 
plume  and  therefore  more  conducive  to  the  occurrence  of  moderate  rates  of  reductive 
dechlorination; 

Nitrate  +  nitrite  (as  nitrogen)  concentrations  are  less  than  I  mg/L  within  the  TCE 
plume,  indicating  that  TCE  may  be  utilized  as  an  electron  acceptor  rather  than  nitrate  in 
the  process  of  reductive  dechlorination;  and 

VFA  detections  near  the  source  area  suggests  moderate  recent  microbial  activity  in 
this  area. 

Wiedemeier  et  al.  (1996b)  present  a  worksheet  to  allow  an  initial  assessment  of  the 
prominence  of  natural  attenuation  at  a  site.  The  worksheet,  including  the  point  values 
determined  for  OU-1,  is  presented  in  Table  4.7. 

The  intei^retation  of  points  awarded  during  the  screening  process  outlined  in  Table  4.7 
is  shown  in  Table  4.8.  The  score  is  11,  indicating  that  limited  evidence  for 
biodegradation  of  chlorinated  organics  is  present. 
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TABLE  4.7 

ANALYTICAL  CAH  DEGRADATION  PARAMETERS  AND  WEIGHTING 
FOR  PRELIMINARY  SCREENING 
OU-1 

REMEDIATION  BY  NATURAL  ATTENUATION  TS 
_  ALTUS  AIR  FORCE  BASE.  OKLAHOMA 


Analysis 

Concentration  in 
Most 

Contaminated 

Interpretation 

Value 

Score 

for 

LF-4 

Zoncr 

Plume 

Oxygen 

<0.5  mg/L 

Tolerated,  suppresses  the  reductive  pathway  at 
higher  concentrations 

3 

3 

>1  mg/L 

VC  may  be  oxidized  aerobically 

-3 

Nitrate 

<1  mg/L 

At  higher  concentrations  may  compete  with 
reductive  pathway 

2 

2 

Ferrous  Iron 

>1  mg/L 

Reductive  pathway  possible 

3 

0 

Sulfate 

<20  mg-'L 

At  higher  concentrations  may  compete  with 
reductive  pathway 

2 

0 

Sulfide 

>I  mg/L 

Reductive  pathway  possible 

3 

—  a/ 

Methane 

>0.5  mg/L 

Ultimate  reductive  daughter  product,  VC 
accumulates 

3 

0 

OR? 

<50  mV 
<-100mV 

Reductive  pathway  possible 

Reductive  pathway  likely 

1 

2 

pH* 

5  <  pH  <  9 

5  >  pH  >9 

Optimal  range  for  reductive  pathway 

Outside  optimal  range  for  reductive  pathway 

0 

-2 

0 

0 

TOC 

>  20  mg/L 

Carbon  and  energy  source;  drives  dechlorination; 
can  be  natural  or  anthropogenic 

2 

0 

Temperature 

>  20°C 

At  T  >20°C  biochemical  processes  are  accelerated 

1 

0 

Carbon  Dioxide 

>2x  background 

Ultimate  oxidative  daughter  product 

1 

1 

Alkalinity 

>2x  background 

Results  from  interaction  of  carbon  dioxide  with 
aquifer  minerals 

1 

0 

Chloride 

>2x  background 

Daughter  product  of  organic  chlorine 

2 

Hydrogen 

>1  nM/L 

Reductive  pathway  possible,  VC  may  accumulate 

3 

3 

Hydrogen 

<1  nM/L 

VC  oxidized 

0 

0 

Volatile  Fatty 

Acids 

>  0. 1  mg/L 

Intermediates  resulting  from  biodegradation  of 
aromatic  compounds;  carbon  and  energy  source 

2 

0 

BTEX 

>100  mg/L 

Carbon  and  energy  source;  drives  dechlorination 

2 

0 

PCE 

Material  released 

0 

0 

TCE 

Material  released 

0 

0 

Daughter  product  of  PCE 

2 

0 

DCE 

Material  released 

0 

0 

Daughter  product  of  TCE. 

If  cis  is  greater  than  80%  of  total  DCE  it  is  likely  a 
daughter  product  of  TCE 

2 

2 
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TABLE  4.7  (Continued) 

ANALYTICAL  PARAMETERS  AND  WEIGHTING  FOR  PRELIMINARY 

SCREENING 

OU-1 

REMEDIATION  BY  NATURAL  ATTENUATION  TS 
_ ALTUS  AIR  FORCE  BASE.  OKLAHOMA 


Analysis 

Concentration  in 
Most 

Contaminated 

Zone 

Interpretation 

Value 

Score 

for 

LF-4 

Plume 

VC 

Material  released 

0 

0 

Daughter  product  of  DCE 

2 

0 

Ethene/Ethane 

Daughter  product  of  VC/ethene 

2 

3 

0 

0 

Chloroethane 

Daughter  product  of  VC  under  reducing  conditions 

2 

0 

UM- 

Trichloroethane 

Material  released 

U2- 

dichlorobenzene 

Material  released 

- 

1,3- 

dichlorobenzene 

Material  released 

0 

- 

1,4- 

dichlorobenzene 

Material  released 

0 

- 

chlorobenzene 

Material  released  or  daughter  product  of 
dichlorobenzene 

2^'^ 

- 

TOTAL 

11 

a/  —  indicates  that  the  analysis  was  not  completed. 

b/  Points  awarded  only  if  it  can  be  shown  that  the  compound  is  a  daughter  product  (i.e.,  not  a  constituent  of  the  source  NAPL). 


TABLE  4.8 

INTERPRETATION  OF  POINTS  AWARDED  DURING  NATURAL 
ATTENUATION  SCREENING 


OU-1 

REMEDIATION  BY  NATURAL  ATTENUATION  TS 
ALTUS  AIR  FORCE  BASE.  OKLAHOMA 


Score 

Interpretation 

0  to  5 

Inadequate  evidence  for  biodegradation  of  chlorinated  oreanics 

6  to  14 

Limited  evidence  for  biodegradation  of  chlorinated  organics 

15  to  20 

Adequate  evidence  for  biodegradation  of  chlorinated  organics 

>20 

Strong  evidence  for  biodegradation  of  chlorinated  organics 
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SECTION  5 


GROUNDWATER  FLOW  AND  CONTAMINANT 
TRANSPORT  MODEL 


5.1  GENERAL  OVERVIEW  AND  MODEL  DESCRIPTION 

In  order  to  help  predict  the  future  migration  and  fate  of  CAHs  dissolved  in 
groundwater  at  Altus  AFB  OU-1,  Parsons  ES  modeled  shallow  groundwater  flow  and  the 
fate  and  transpon  of  the  dissolved  CAH  plume.  The  modeling  effort  had  three  primary 
objectives:  1)  predict  the  future  extent  and  concentrations  of  the  dissolved  contaminant 
plume  by  modeling  the  combined  effects  of  advection,  dispersion,  sorption,  and 
biodegradation;  2)  assess  the  potential  for  downgradient  receptors  to  be  exposed  to 
contaminants  at  concentrations  above  regulatory  levels  of  concern;  and  3)  if  applicable, 
provide  technical  support  for  the  natural  attenuation  remedial  option  at  post-modeling 
regulatory  negotiations.  The  model  was  developed  using  site-specific  data  and 
conservative  assumptions  about  governing  physical  and  chemical  processes.  The  model 
input  data  are  believed  to  be  reasonably  conservative  so  that  the  actual  reduction  in 
contaminant  mass  caused  by  natural  attenuation  should  meet  or  exceed  model  predictions. 

The  model  codes  MODFLOW  (McDonald  and  Harbaugh,  1988)  and  MT3D-®  (S.S. 
Papadopulos  &  Associates,  Inc.,  1996)  were  used  to  estimate  the  potential  for  dissolved 
CAH  migration  and  degradation  by  naturally  occurring  mechanisms  operating  at  the  site. 
MODFLOW  was  used  to  generate  a  steady-state  groundwater  flow  model  for  the  site. 
The  MODFLOW  flow  field  was  incorporated  into  the  transport  solution  computed  by 
MT3D— ®  (version  1.1).  The  pre-  and  post-  processors  contained  in  Visual  MODFLOW, 
version  2.20  (Waterloo  Hydrogeologic  Software,  1996)  were  used  to  facilitate  model 
development  and  analysis  and  presentation  of  the  model  results.  The  MT3D-®  code 
incorporates  advection,  dispersion,  sorption,  and  biodegradation  to  simulate  contaminant 
plume  migration  and  degradation.  MT3D-®  uses  solution  routines  based  on  the  Method 
of  Characteristics  (MOC)  solute  transport  model  [e.g.,  as  developed  by  Konikow  and 
Bredehoeft  (1978)  for  the  USGS  two-dimensional  (2-D)  MOC  model  code].  The  MOC 
model  was  modified  by  Zheng  (1990)  to  allow  three-dimensional  (3-D)  solutions,  and  to 
allow  use  of  a  modified  MOC  that  reduces  numerical  dispersion;  the  modified  model  was 
called  MT3D.  MT3D-®  is  an  improvement  on  MT3D  that  allows  for  spatial  variation  of 
solute  transport  parameters  (e.g.,  retardation  and  first-order  decay  rate). 

Ideally,  a  code  for  simulating  degradation  of  CAHs  would  track  daughter  products  as 
well  as  parent  compounds  and  allow  specification  of  varying  decay  rates  for  each 
compound.  Although  not  yet  available,  Battelle  National  Laboratories  is  in  the  process  of 
developing  such  a  code  by  modifying  MT3D. 
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5.2  CONCEPTUAL  MODEL  DESIGN  AND  ASSUMPTIONS 


On  the  basis  of  the  data  presented  in  Section  3,  the  shallow  saturated  zone  was 
conceptualized  and  modeled  as  a  heterogeneous,  unconfmed  aquifer.  Hydrogeologic 
profiles  of  the  site  (Figure  3.2)  show  that  the  major  subsurface  units  of  the  aquifer  are  a 
saprolitic  clay  layer  and  the  underlying  shale  bedrock.  The  CAH  plume  is  migrating 
primarily  through  the  overburden  clay,  though  the  contaminant  has  been  detected  in 
groundwater  from  wells  screened  within  the  top  10  feet  of  the  more  competent  shale 
(OU-1-06).  Depth  to  groundwater  across  the  site  ranges  from  6  to  10  feet  bis,  though  the 
depth  increases  beneath  the  built-up  taxiway  and  runway.  The  configuration  of 
groundwater  elevation  isopleths  on  Figure  3.3  indicates  that  groundwater  in  the  LF-04 
area  primarily  flows  southeast,  parallel  to  Stinking  Creek,  with  discharge  to  or  recharge 
from  the  creek  preventing  significant  contaminant  migration  north  of  the  creek.  The 
horizontal  hydraulic  gradient  across  the  study  area  is  approximately  0.003  ft/ft.  Vertical 
flow  profiles  indicate  downward  flow  (0.017  to  0.703  ft/fl)  at  well  clusters  across  the  site 
except  at  well  cluster  WL061/WL062,  where  there  is  an  upward  gradient  (0.008  ft/ft). 
These  April  1997  data  are  generally  consistent  with  the  data  collected  during  previous 
investigations,  though  water  levels  were  higher  in  Spring  1997  due  to  recent  rainfall. 
Therefore,  it  was  assumed  that  the  groundwater  flow  patterns  interpreted  from  April  1997 
water  levels  were  reasonably  representative  of  steady-state  conditions.  The  water  table 
across  the  study  area  is  assumed  to  be  influenced  by  continuous  recharge  from  north  and 
west  of  the  site,  recharge  or  discharge  at  Stinking  Creek,  and  discharge  to  the  southeast  of 
the  site.  It  is  assumed  that  recharge  from  precipitation  is  negligible  because  annual 
precipitation  at  the  Base  is  approximately  25  inches,  annual  evaporation  usually  exceeds 
precipitation,  and  clayey  soils  prevent  rapid  infiltration  (Section  3.2). 

For  the  purposes  of  the  model,  it  is  assumed  that  contaminants  were  first  introduced  to 
the  groundwater  at  this  site  when  LF-04  was  used  for  solid  waste  disposal  and  POL 
sludge  disposal  from  1956  through  the  1970s.  Therefore,  for  the  model  it  was  assumed 
that  a  large  slug  of  contamination  entered  the  groundwater  upon  waste  deposition,  and 
that  residual  contamination  associated  with  the  buried  waste  acts  as  a  continuous  source. 
It  is  likely  that  the  source  will  weather  over  time,  and  the  mass  of  contaminants  entering 
groundwater  will  decline. 

The  most  important  assumption  made  when  using  the  MT3D-®  code  is  that 
dispersion,  sorption  and  biodegradation  are  major  factors  controlling  contaminant  fate 
and  transport  at  the  site.  According  to  data  presented  in  Sections  3  and  4,  concentrations 
of  organic  carbon  within  the  site  soil  may  support  significant  sorption.  Data  also  suggest 
that  limited  biodegradation  of  CAHs  is  occurring  within  the  plume.  Dispersivity,  which 
is  a  characteristic  of  the  porous  medium,  is  a  measure  of  the  longitudinal  and  lateral 
spreading  of  the  contaminant  plume  caused  by  local  heterogeneities  that  cause  deviations 
from  the  average  linear  migration  velocity.  The  magnitude  of  dispersion  is  generally 
believed  to  be  scale-dependent:  the  longer  the  plume  flowpath,  the  greater  the  dispersion. 
Given  the  considerable  length  of  the  plume  flowpath  (4,000  feet)  and  the  documented 
presence  of  subsurface  heterogeneities  (Section  3),  it  is  reasonable  to  assume  that 
dispersion  is  an  important  parameter  influencing  solute  transport  in  the  study  area. 
Dispersion  is  estimated  using  literature  values  and  accepted  rules-of-thumb;  sorption 
(assumed  to  be  a  linear  process)  is  simulated  using  a  coefficient  of  retardation;  and 
biodegradation  is  simulated  using  a  first-order  decay  constant.  Selection  of  values  for 
these  model  input  parameters  is  discussed  in  Section  5.3.3. 
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5.3  INITIAL  MODEL  SETUP 


Where  possible,  the  initial  setup  for  this  model  was  based  on  site-specific  data.  Where 
site-specific  data  were  not  available  (e.g.,  effective  porosity),  reasonable  assumptions 
were  made  on  the  basis  of  widely-accepted  literature  values  for  materials  similar  to  those 
found  in  the  shallow  aquifer  at  OU-1.  The  following  sections  describe  the  basic  model 
setup.  Those  model  parameters  that  were  varied  during  model  calibration  are  discussed 
in  Section  5.4. 

5.3.1  Grid  Design 

r 

The  model  domain  for  Altus  AFB  OU-1  is  represented  using  one  layer,  with  a  52-  by 
74-cell  horizontal  grid.  Relatively  small  grid  cells  (50  feet  by  50  feet)  were  used  within 
the  central  portion  of  the  contaminant  plume  to  allow  more  accurate  simulation  of 
transport;  the  cell  size  was  gradually  increased  with  distance  from  the  source  area,  with 
the  largest  cell  measuring  150  feet  wide  by  100  feet  long.  A  SURFER™  topographic  file 
of  the  ground  surface  was  created  using  lithologic  logs  and  imported  into  Visual 
Modflow.  The  grid  thickness  varies  from  35  feet  in  the  east  to  55  feet  in  the  west.  The 
grid  was  oriented  with  the  longest  dimension  parallel  to  the  main  direction  of  dissolved 
contaminant  migration.  The  model  grid  covers  an  area  of  approximately  436  acres.  The 
full  extent  of  the  model  grid  is  indicated  on  Figure  5.1. 

5.3.2  Groundwater  Flow  Model 
5.3.2.1  Boundary  Conditions 

In  defining  the  model  domain,  the  area  of  interest  must  be  separated  from  the 
sumounding  system.  Boundary  conditions  describe  the  interaction  between  the  system 
being  modeled  and  its  surroundings  or,  for  transport  models,  the  loading  of  contaminant 
mass  into  the  system.  Boundary  conditions  are  used  to  include  the  effects  of  the  system 
outside  the  area  being  modeled  with  the  system  being  modeled,  while  at  the  same  time 
allowing  the  isolation  of  the  desired  model  domain  from  the  larger  system.  In  effect,  the 
boundaries  of  the  model  tell  the  area  immediately  inside  the  boundaries  what  to  expect 
from  the  outside  world.  The  solution  of  any  differential  equation  requires  specification  of 
the  conditions  at  the  periphery  of  the  system.  Model  boundaries  are  thus  mathematical 
statements  that  specify  the  dependent  variable  (head  or  contaminant  concentration)  or  the 
flux  (derivative  of  the  head  or  contaminant  concentration  with  respect  to  time)  at  the 
model  grid  boundaries. 

Three  types  of  boundary  conditions  generally  are  used  to  describe  groundwater  flow 
and  solute  transport.  Boundary  conditions  are  referred  to  as  specified-head  type 
(Dirichlet),  specified-flux  type  (Neumann),  and  head-dependent  or  mixed  type  (Cauchy). 
Table  5.1  summarizes  boundary  conditions  for  groundwater  flow  and  solute  transport. 

In  flow  models,  boundary  conditions  are  ideally  used  to  specify  actual  hydrogeologic 
boundaries  to  the  system,  such  as  a  geologic  feature  that  may  bound  a  system  or  areas 
where  properties  (e.g.,  flux)  are  known  and  can  be  defined.  When  using  a  numerical  flow 
model,  hydrologic  boundaries  such  as  constant-head  features  (e.g.,  lakes,  streams,  etc.)  or 
constant-flux  features  (e.g.,  groundwater  divides,  confining  units,  etc.,)  should,  when 
possible,  coincide  with  the  perimeter  of  the  model.  In  areas  that  lack  obvious  hydrologic 
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TABLE  5.1 

COMMON  DESIGNATIONS  FOR  SEVERAL 
IMPORTANT  BOUNDARY  CONDITIONS 

(Modified  from  Franke  et  ai.  1987) 

OU-1 

REMEDIATION  BY  NATURAL  ATTENUATION  TS 
_ ALTUS  AFB.  OKLAHOMA 


Boundary  Condition 

Formal 

Name 

General  Mathematical  Description  1 

Groundwater 

Flow 

Contaminant 

Transport 

Specified-Head  or  Specified- 
Concentration 

Dirichlet 

H  =f(x,y,z,t) 

C  ^f(x,y,z,t) 

Specified-Flux 

Neumann 

cH  ^ 

—  =  /Cv,3;,r,r) 
ax 

-^  =  /(-uv.-.U 

3x 

Head-Dependent  or 
Concentration-Dependent  Flux 
(mixed-boundary  condition) 

Cauchy 

^  +  cH  =  f(x,y,z,, 
ax 

— +  cC  =  /(a%  v,r,r) 

OJ 

boundaries,  constant-head  or  constant-flux  boundaries  can  be  specified  at  the  numerical 
model  perimeter  as  long  as  the  perimeter  is  far  enough  removed  from  the  contaminant 
plume  that  transport  calculations  will  not  be  affected  by  inaccuracies  in  the  boundary 
conditions. 

Specified-head  cells  were  defined  at  the  model  boundaries.  The  specified  heads  were 
estimated  by  projecting  heads  from  the  groundwater  flow  maps.  These  constant-head 
cells  were  placed  far  enough  from  the  simulated  CAH  plume  to  avoid  potential  boundary 
interferences.  The  MODFLOW  river  package  was  used  to  simulate  Stinking  Creek. 
Heads  at  Stinking  Creek  were  estimated  to  range  from  1350  ft  amsl  at  the  northwestern 
boundary  of  the  model  domain  to  1335  ft  amsl  at  the  eastern  boundary  of  the  model 
domain.  The  base  or  lower  boundary  of  the  model  is  assumed  to  be  no-flow  and  is  set  at 
1300  ft  amsl  within  the  shale  bedrock.  The  upper  model  boundary  is  defined  by  the 
simulated  water  table  surface. 

5.3.2.2  Recharge  and  Evapotranspiration 

Because  evapotranspiration  is  expected  to  exceed  precipitation,  recharge  from 
precipitation  is  assumed  to  be  negligible  at  the  site  (Section  3.2).  Therefore,  no  recharge 
or  evapotranspiration  was  defined  for  the  site,  except  for  low  rates  of  recharge  at  four 
cells  located  near  the  western  boundary  of  LF-04  to  help  simulate  partitioning  of  CAHs 
to  groundwater  (Section  5.3.3. 1). 

5.3.2.3  Aquifer  Properties 

As  discussed  in  Section  3. 3. 2. 3,  the  effective  porosity  is  the  percentage  of  a  rock  or 
sediment  through  which  fluids  can  travel.  A  general  value  of  5  percent  for  effective 


S:\ES\WP\PROJECTS',722450\ALTUS\6.DOC 


5-5 


porosity  was  defined  for  the  model  domain  on  the  basis  of  the  grain-size  distribution 
observed  in  the  shallow  surficial  aquifer  (Spitz  and  Moreno,  1996). 

Hydraulic  conductivity  values  were  calculated  from  field  data  obtained  from  12  slug 
tests  performed  at  four  site  wells.  The  calculated  values  are  summarized  in  Table  3.3  and 
discussed  in  Section  3.3.  It  was  assumed  that  the  majority  of  the  contaminant  plume  is 
migrating  through  the  silty  and  sandy  clay  overlying  the  shale  bedrock.  An  average 
hydraulic  conductivity  of  15  ft/day  was  initially  defined  for  the  model  domain. 

5.3.3  Contaminant  Transport  Model 

r 

The  total  dissolved  chlorinated  ethene  concentrations  obtained  from  April  1997 
laboratory  analytical  results  for  each  monitoring  well/point  location  were  used  as  targets 
for  model  calibration.  Table  4.2  presents  dissolved  CAH  concentration  data  for  April 
1997,  and  Figures  4.3  through  4.6  show  the  spatial  distribution  of  dissolved  CAHs  in 
September  1996.  For  the  purposes  of  this  model,  the  concentrations  of  the  individual 
compounds  were  converted  from  micrograms  per  liter  (pg/L)  to  micromoles  per  liter 
(pmol/L)  before  being  summed.  This  was  done  because  the  primary  biodegradation 
reaction  operating  at  the  site  is  reductive  dechlorination.  As  discussed  in  Section  4.2, 
reductive  dechlorination  is  a  mole-to-mole  transformation  from  parent  to  daughter 
product  involving  replacement  of  one  chlorine  atom  with  a  hydrogen  atom.  The  process 
results  in  decreased  contaminant  mass  because  the  mass  of  the  daughter  compound  is 
significantly  lower;  however,  the  molar  concentration  is  unchanged.  Because  the 
biodegradation  rates  calculated  from  site  data  and  used  in  the  model  represent  rates  of 
dechlorination  only,  and  not  rates  of  mass  loss  due  to  dechlorination,  simulation  of 
changes  in  molar  concentrations  is  a  more  appropriate  manner  in  which  to  simulate 
progressive  dechlorination  of  CAHs. 

5.3.3. 1  Source 

Transport  models  use  boundary  conditions  to  express  the  influence  of  contaminant 
sources  such  as  nonaqueous-phase  liquid  (NAPL)  bodies  and  dissolved  mass  entering 
through  recharge,  injection  wells,  surface  water  bodies,  and  leaking  structures.  Sources 
such  as  NAPL  bodies  may  be  represented  as  specified-concentration  boundaries  (limited 
by  solubility  constraints  or  observed  maximum  concentrations)  or  as  specified-flux 
boundaries  (for  which  the  chemical  loading  rate  must  be  known  or  estimated).  However, 
in  most  cases,  only  the  effects  of  the  source  are  measured,  not  the  source  characteristics 
(Spitz  and  Moreno,  1996).  The  source  must  therefore  be  represented  as  a  “black  box” 
that  produces  appropriate  contaminant  concentrations  or  fluxes  at  selected  points  in  the 
model.  The  source  may  be  misrepresented  under  such  a  scenario,  but  there  is  often  little 
choice  in  the  matter.  Estimating  contaminant  flux  into  groundwater  from  NAPL  is 
difficult  and  is  dependent  upon  several  parameters,  most  of  which  cannot  be  measured 
(Feenstra  and  Guiguer,  1996;  Abriola,  1996). 

Rather  than  using  various  calculations  to  attempt  to  estimate  CAH  partitioning  from 
NAPL  into  groundwater,  the  “black  box”  source  approach  was  used.  Experience 
modeling  contaminated  sites  as  part  of  the  AFCEE  Natural  Attenuation  Initiative  has 
suggested  that  this  is  the  best  method  for  reproducing  observed  plumes.  At  the  LF-04 
site,  the  contaminant  is  assumed  to  enter  groundwater  in  the  study  area  through  contact 
between  groundwater  and  residual  NAPL  at  or  below  the  water  table.  Partitioning  of 
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CAHs  from  this  source  into  groundwater  was  simulated  by  defining  source  area  recharge 
concentrations  in  four  model  cells  near  the  western  boundary  of  LF-04  (Figure  5.1).  The 
concentrations  were  initially  spiked  to  simulate  the  dissolution  of  pure  product  into  the 
groundwater  at  the  time  of  the  initial  contaminant  introduction,  and  then  the  recharge 
source  concentration  was  decreased  geometrically  to  reach  its  present  observed  effect. 

5.3.3.2  Dispersivity 

Published  data  summarized  by  Spitz  and  Moreno  (1996)  suggest  that,  as  a  rule  of 
thumb,  longitudinal  dispersivity  is  approximately  one-tenth  the  travel  distance  of  the 
plume  (from  the  source  td  the  downgradient  toe),  which  is  equivalent  to  approximately 
400  feet  at  the  Altus  AFB  OUl  LF-04  site  (Figure  4.3).  Transverse  dispersivity  values 
are  estimated  as  one-tenth  of  the  longitudinal  dispersivity  values  (Domenico  and 
Schwartz,  1990). 

5.3.3.3  Retardation 

Retardation  of  CAHs  relative  to  the  advective  velocity  of  the  groundwater  occurs 
when  contaminant  molecules  are  sorbed  to  organic  carbon,  silt,  or  clay  in  the  aquifer 
matrix.  Based  on  measured  TOC  concentrations  near  the  water  table  at  1 1  locations 
across  the  site  (see  Table  4.1),  an  assumed  bulk  density  of  1.4  kilograms  per  liter  (kg/L), 
and  published  values  of  the  soil  sorption  coefficient  (K,J  for  TCE  and  DCE  (as  listed  in 
Wiedemeier  et  al,  1996)  the  coefficient  of  retardation  for  each  contaminant  was 
calculated.  The  results  of  these  calculations  are  summarized  in  Table  5.2.  The  lower  the 
assumed  coefficient  of  retardation,  the  faster  the  CAH  plume  will  migrate  downgradient. 
Initially,  the  average  calculated  retardation  coefficient  of  4  was  assigned  to  the  model. 

5.3.3.4  Biodegradation 

As  discussed  in  Section  4.5,  first-order  decay  rates  of  2  x  10'^  day'  to  8  x  10'^  day' 
were  calculated  for  site  contaminants  using  site-specific  data.  These  rates  were  used  to 
define  a  range  of  possible  values  for  model  input.  An  initial  conservative  estimate  of  8  x 
lO  ^”  days’'  was  defined  for  the  model  domain.  Also  as  noted  in  Section  4.5,  reductive 
dechlorination  of  CAHs  may  be  best  represented  using  a  second-order  rate,  but  most 
common  transport  codes  (including  MT3D-®)  can  incorporate  only  a  first-order  rate. 
This  impacts  model  calibration  and  may  constrain  the  usefulness  of  predictions,  but  at 
this  time  there  is  no  feasible  alternative  for  simulating  CAH  transport  under  the  influence 
of  biodegradation.  Provided  that  conservative  values  are  used  for  other  input  parameters 
and  a  sensitivity  analysis  is  performed,  simulations  incorporating  a  first-order  rate 
constant  will  still  be  useful  and  meaningful. 

5.4  MODEL  CALIBRATION 

Model  calibration  is  an  important  component  in  the  development  of  any  numerical 
groundwater  model.  Calibration  of  the  flow  model  demonstrates  that  the  model  is 
capable  of  matching  hydraulic  conditions  observed  at  the  site;  calibration  of  a 
contaminant  transport  model  superimposed  upon  the  calibrated  flow  model  helps 
demonstrate  that  contaminant  loading  and  transport  conditions  are  being  appropriately 
simulated.  Model  input  and  output  files  for  the  calibrated  model.  Alternative  1,  and 
Alternative  2  (Section  6)  are  included  in  Appendix  E. 
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TABLE  5.2 

CALCULATION  OF  RETARDATION  COEFFICIENTS 
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5.4.1  Groundwater  Flow  Model 


Groundwater  elevation  data  collected  in  April  1997  and  presented  on  Figure  3.3  were 
used  to  calibrate  the  flow  model.  Water  level  elevation  data  from  22  monitoring 
wells/points  were  used  to  compare  measured  and  simulated  heads  for  calibration.  The 
selected  locations  were  OU-1-03,  WL018,  WL019,  WL020,  WL021,  WL022,  WL060 
WL062,  TWl,  TW2,  TW3,  TW4,  TW5,  TW6,  TW7,  TW8,  TW9,  TWIO,  TWll  TWo’ 
TW14,  andTWlS. 


The  numerical  flow  model  was  calibrated  by  altering  hydraulic  conductivity,  constant- 
head  elevations  at  the  model  boundaries,  and  the  river  package  parameters  in  a  trial-and- 
error  fashion  until  simulated  heads  approximated  observed  field  values  within  a 
prescribed  accuracy. 


Figure  5.2  shows  the  calibrated  water  table.  Calibrated  model  hydraulic  conductivities 
ranged  between  0.1  and  30  ft/day,  with  most  cells  having  a  hydraulic  conductivity  of  1 
ft/day.  The  cells  in  the  vicinity  of  the  runway  were  assigned  a  hydraulic  conductivity  of 
0.1  ft/day,  because  the  subsurface  was  likely  tamped  and  compressed  during  construction 
of  the  runway,  resulting  in  a  lower  conductivity  of  those  soils.  Also,  the  cells  in  the 
vicinity  of  the  brown  clayey  sand  layer  (see  Figure  3.2)  were  assigned  a  hydraulic 
conductivity  of  30  ft/day. 


The  root  mean  squared  (RMS)  error  is  commonly  used  to  express  the  average 
difference  between  simulated  and  measured  heads.  RMS  error  is  the  average  of  the 
squared  differences  between  measured  and  simulated  heads,  and  can  be  expressed  as: 


-p.5 


RMS=  -Bk-kY, 

Ln  ,=i  J 


where:  n  =  the  number  of  points  where  heads  are  being  compared, 

h,„  =  measured  head  value,  and 
/jj  =  simulated  head  value. 

The  RMS  error  between  observed  and  calibrated  values  at  the  22  comparison  points 
was  1.11  feet,  which  corresponds  to  a  calibration  error  of  7.6  percent  (water  levels 
dropped  approximately  14.6  feet  over  the  portion  of  the  model  domain  containing  the 
monitoring  wells/points  listed  above). 

In  solving  the  groundwater  flow  equation.  Visual  MODFLOW  establishes  the  water 
table  surface  and  calculates  an  overall  hydraulic  balance  that  accounts  for  the  numerical 
difference  between  flux  into  and  out  of  the  system.  The  hydraulic  mass  balance  for  the 
calibrated  model  was  adequate  to  accomplish  the  objectives  of  this  modeling  effort,  with 
a  1.37  percent  discrepancy. 
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5.4.2  Plume  Calibration 


After  calibration  of  the  flow  model,  the  numerical  solute  transport  model  was 
calibrated  by  altering  the  contaminant  specified-flux  rate  in  the  source  cells  and 
contaminant  transport  parameters  in  a  trial-and-error  fashion  until  the  simulated  plume 
approximated  observed  field  values.  The  transport  parameters  varied  during  plume 
calibration  were  the  source  concentration,  the  plume  dispersivity,  the  CAH  decay  rate 
constant,  and  the  distribution  coefficient  of  contaminant  sorbed  to  soil.  Because  the 
original  estimates  for  these  parameters  resulted  in  a  calculated  plume  that  reasonably 
resembled  the  original  plume,  these  parameters  were  not  varied  greatly. 

r' 

The  dissolved  CAH  concentrations  obtained  from  April  1997  laboratory  analytical 
data  from  20  monitoring  wells/points  sampled  by  Parsons  ES  were  used  to  calibrate  the 
contaminant  transport  model.  The  calibration  points  were  OU-1-03,  WL018  WL019 
WL020,  WL022,  WL060,  WL062,  TWl,  TW2,  TW3,  TW4,  TW5,  TW6,  TW7  TWg’ 
TW9,  TWIO,  TW14,  TW15,  and  SBll. 

The  longitudinal  dispersivity  of  400  feet  produced  a  reasonable  simulated  plume  but 
was  decreased  to  40  feet  in  the  source  area  because  dispersivity  is  scale-dependent.  This 
is  the  value  used  to  produce  the  calibrated  plume  depicted  on  Figure  5.3. 

The  decay  rate  was  varied  during  plume  calibration,  but  because  of  the  minimal  decay 
estimated  at  the  site,  changes  within  the  estimated  range  of  possible  decay  rates  did  not 
seem  to  affect  plume  migration  substantially.  The  calibrated  model  used  the  initially 
defined  conservative  value  of  8  x  10'*  day  '.  Although  this  rate  is  expected  to  be  overly 
conservative  within  the  immediate  source  area,  it  is  appropriate  for  the  majority  of  the 
contaminant  plume.  Furthermore,  use  of  this  value  yielded  a  good  match  between 
simulated  and  measured  concentrations. 

During  the  plume  calibration,  the  retardation  coefficient  was  varied,  and  a  value  of  1 .8 
was  used  in  the  calibrated  model.  This  value  is  within  the  range  estimated  on  the  basis  of 
observed  TOC  concentrations.  Use  of  this  value  produced  simulated  concentrations 
similar  to  measured  concentrations. 

The  calibrated  plume  calculated  by  the  model  (Figure  5.3)  is  similar,  but  not  identical, 
to  the  observed  April  1997  plume  (Figure  4.3).  Simulated  CAH  concentrations  in  the 
source  area  are  slightly  higher  than  observed  April  1997  concentrations.  The  simulated 
CAH  concentration  at  well  OU-1-03  is  118  pmol/L,  whereas  the  concentration  observed 
at  that  well  was  108  pmol/L.  Simulated  CAH  concentrations  upgradient  from  the  source 
area  are  significantly  lower  than  observed  concentrations.  The  simulated  CAH 
concentration  at  well  WL018  is  4  x  10  *  pmol/L,  whereas  the  concentration  observed  at 
that  well  was  0.019  pmol/L.  Simulated  CAH  concentrations  downgradient  from  the 
source  area  are  slightly  lower  than  observed  April  1997  concentrations.  The  simulated 
CAH  concentration  at  well  TW-1  is  5.8  pmol/L,  whereas  the  observed  concentration  at 
that  well  was  6.724  pmol/L.  Simulated  CAH  concentrations  midway  downgradient  from 
the  source  area  to  the  toe  of  the  plume  are  slightly  higher  than  observed  April  1997 
concentrations.  The  simulated  CAH  concentration  at  well  TW-4  is  0.73  pmol/L,  whereas 
the  observed  concentration  at  that  well  was  0.424  pmol/L.  Simulated  CAH 
concentrations  at  the  toe  of  the  plume  are  similar  to  the  observed  April  1997 
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concentrations.  The  simulated  CAH  concentration  at  well  WL062  is  0.024  jamol/L, 
identical  to  the  observed  concentration  at  that  well. 

Higher  simulated  concentrations  in  the  source  area  indicate  that  an  adequate  amount  of 
mass  is  being  introduced  to  the  modeled  system.  Higher  simulated  concentrations 
midway  through  the  plume  shows  that  the  model  conservatively  accomodates  more  mass 
than  there  is  reason  to  believe  is  present.  The  similarity  between  the  measured  and 
simulated  concentrations  in  the  vicinity  of  well  WL062  indicates  that  the  calibrated 
model  is  adequately  simulating  migration  of  dissolved  contaminant  from  the  source  area 
to  the  downgradient  toe  of  the  plume.  This  correlation  is  important  because  it  facilitates 
accurate  prediction  of  downgradient  receptor  impacts  and  of  plume  persistence  by 
accurately  simulating  maximum  CAH  concentrations  at  the  leading  edge  of  the  plume. 

5.5  SENSITIVITY  ANALYSIS 

The  purpose  of  the  sensitivity  analysis  is  to  determine  the  effect  of  varying  model 
input  parameters  on  model  output.  The  sensitivity  analysis  was  conducted  by  varying 
hydraulic  conductivity,  the  coefficient  of  retardation,  the  first-order  decay  rate, 
dispersivity,  and  the  CAH  injection  rate. 

To  perform  the  sensitivity  analyses,  the  calibrated  model  was  adjusted  by 
systematically  changing  the  aforementioned  parameters  individually,  and  then  comparing 
the  new  simulations  to  the  results  of  the  calibrated  model.  The  models  were  run  for  a  41- 
year  period,  just  as  the  calibrated  model  was,  so  that  the  independent  effect  of  each 
variable  could  be  assessed.  Ten  sensitivity  runs  of  the  calibrated  model  were  made,  with 
the  following  variations: 

A.  Hydraulic  conductivity  uniformly  increased  by  a  factor  of  5; 

B.  Hydraulic  conductivity  uniformly  decreased  by  a  factor  of  5; 

C.  Coefficient  of  retardation  uniformly  increased  to  4.65; 

D.  Coefficient  of  retardation  uniformly  decreased  to  1 .3; 

E.  Dispersivity  uniformly  increased  by  100  feet.; 

F.  Dispersivity  uniformly  decreased  by  100  feet.; 

G.  First  order  decay  rate  increased  by  an  order  of  magnitude; 

H.  First  order  decay  rate  increased  to  2  x  10'^  day  ’; 

I.  Recharge  concentration  source  increased  by  a  factor  of  2;  and 

J.  Recharge  concentration  source  decreased  by  a  factor  of  2. 
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The  results  of  the  sensitivity  analyses  are  discussed  in  the  following  subsections.  As 
described  in  the  following  paragraphs,  the  parameter  modifications  listed  above  generally 
resulted  in  substantial  changes  in  the  resulting  plumes,  with  the  dispersivity  modifications 
having  the  smallest  effect. 

5.5.1  Sensitivity  to  Variations  in  Hydraulic  Conductivity 

Hydraulic  conductivity  is  an  important  aquifer  characteristic  that  represents  the  ability 
of  the  water-bearing  strata  to  transmit  groundwater.  An  accurate  estimate  of  hydraulic 
conductivity  is  important  to  help  quantify  advective  groundwater  flow  velocities  and  to 
define  the  flushing  potential  of  the  aquifer.  As  a  result,  models  used  to  estimate 
contaminant  transport  are  particularly  sensitive  to  variations  in  hydraulic  conductivity. 
Lower  values  of  hydraulic  conductivity  result  in  a  slower-moving  plume.  Higher  values 
of  hydraulic  conductivity  result  in  a  faster-moving  plume.  The  effects  of  varying 
hydraulic  conductivity  are  summarized  in  columns  A  and  B  of  Table  5.3.  Uniformly 
increasing  the  hydraulic  conductivity  by  a  factor  of  five  increased  the  lateral  dispersion  of 
the  plume  such  that  the  simulated  total  CAH  molar  concentration  in  the  vicinity  of  source 
area  monitoring  well  OU-1-03  was  only  23  pmol/L,  compared  to  the  calibrated 
concentration  of  118  pmol/L.  The  simulated  CAH  concentration  in  the  vicinity  of 
downgradient  monitoring  well  WL062  increased  to  0.8  pmol/L,  compared  to  the 
calibrated  concentration  of  0.024  pmol/L.  In  contrast,  decreasing  the  hydraulic 
conductivity  by  a  factor  of  five  slowed  overall  plume  migration,  and  caused  the 
contaminant  mass  to  be  concentrated  within  a  smaller  area.  As  a  result,  CAH  levels  in 
the  vicinity  of  source  area  monitoring  well  OU-1-03  increased  to  387  pmol/L,  and  the 
simulated  CAH  concentration  in  the  vicinity  of  downgradient  monitoring  well  WL062 
decreased  to  3  x  10  '^  pmol/L. 

5.5.2  Sensitivity  to  Variations  in  the  Coefficient  of  Retardation 

The  effects  of  varying  the  coefficient  of  retardation  are  summarized  in  columns  C  and 
D  of  Table  5.3.  Uniformly  increasing  the  coefficient  of  retardation  to  4.65  limited  the 
downgradient  migration  of  the  plume.  The  simulated  total  CAH  molar  concentration  in 
the  vicinity  of  source  area  monitoring  well  OU-1-03  was  176  pmol/L,  compared  to  the 
calibrated  concentration  of  118  pmol/L.  The  simulated  CAH  plume  did  not  reach 
downgradient  monitoring  well  WL062,  where  the  calibrated  CAH  concentration  was 
0.024  pmol/L. 

In  contrast,  decreasing  the  coefficient  of  retardation  to  1.3  increased  plume  migration. 
As  a  result,  the  simulated  CAH  concentration  at  source  area  monitoring  well  OU-1-03 
was  unchanged,  but  the  simulated  CAH  concentration  in  the  vicinity  of  downgradient 
monitoiing  well  WL062  increased  to  0.04  pmol/L.  Overall,  varying  the  coefficient  of 
retardation  within  a  reasonable  range  has  a  limited  effect  on  contaminant  transport. 

5.5.3  Sensitivity  to  Variations  in  Dispersivity 

The  effects  of  varying  dispersivity  are  summarized  in  columns  E  and  F  of  Table  5.3. 
Both  longitudinal  and  transverse  dispersivity  were  varied  for  this  analysis,  as  the  ratio  of 
the  two  values  was  kept  constant  at  0.1.  Increasing  the  dispersivity  by  100  feet  resulted 
in  relatively  lower  concentrations  in  the  source  area.  The  simulated  concentration  at 
source  area  monitoring  well  OU-1-03  was  103  pmol/L,  compared  to  a  calibrated 
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TABLE  5.3 

SUMMARY  OF  SENSITIVITY  ANALYSIS  RESULTS 

OU-1 
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concentration  of  1 1 8  )amol/L.  A  corresponding  increase  in  concentration  downgradient 
from  the  source  area  was  also  observed,  causing  the  simulated  concentration  at  well 
WL062  to  increase  from  0.024  pmol/L  in  the  calibrated  model  to  0.04  pmol/L. 

Decreasing  the  dispersivity  by  100  feet  produced  a  plume  with  slightly  higher 
concentrations  in  the  source  area.  The  simulated  concentration  at  well  OU-1-03  was  138 
pmol/L,  compared  to  the  calibrated  model  concentration  of  118.  The  CAH 
concentrations  in  the  downgradient  portion  of  the  plume  were  lower.  The  simulated 
concentration  at  well  WL062  was  0.009  pmol/L,  compared  to  the  observed  concentration 
of  0.024  pmol/L  at  that  well. 

r- 

5.5.4  Sensitivity  to  Variations  in  the  Anaerobic  Decay  Rate  Constant 

The  effects  of  varying  the  first-order  CAH  decay  rate  are  summarized  in  Table  5.3. 
Increasing  this  parameter  by  an  order  of  magnitude  results  in  more  rapid  degradation  of 
dissolved  contaminant.  The  resulting  simulated  concentrations  at  source  area  well  OU-1- 
03  and  at  downgradient  temporary  well  WL062  were  lower  than  in  the  calibrated  model 
(85  pmol/L  and  0.009  pmol/L,  respectively).  Increasing  the  degradation  rate  to  2  x  10'^ 
day',  a  rate  that  may  be  more  appropriate  within  the  source  area  of  the  plume,  results  in  a 
much  smaller  plume.  The  simulated  concentration  at  well  OU-1-03  was  13  pmol/L, 
compared  to  the  calibrated  concentration  of  1 18  pmol/L. 

5.5.5  Sensitivity  to  Variations  in  Source  Concentration  Recharge  Rate 

The  results  of  increasing  and  decreasing  the  CAH  source  concentration  recharge  rate 
by  a  factor  of  two  are  summarized  in  Table  5.3.  Increasing  the  recharge  rate 
concentration  by  a  factor  of  two  approximately  doubles  the  simulated  source  area 
concentrations  at  well  OU-1-03  to  235  mmol/L  and  substantially  increases  concentrations 
throughout  the  plume  compared  to  field  observations.  The  simulated  concentration  at 
downgradient  well  WL062  was  0.05  pmol/L,  compared  to  the  calibrated  concentration  of 
0.024  at  this  well. 

Decreasing  the  source  concentration  recharge  rate  by  a  factor  of  two  approximately 
halved  the  calibrated  concentrations  at  the  source  area  well  OU-1-03  to  59  pmol/L. 
Likewise,  the  simulated  concentration  at  downgradient  well  WL062  was  decreased  by 
approximately  a  factor  of  2  to  0.01  pmol/L.  Furthermore,  the  overall  size  of  the  plume 
was  reduced  relative  to  the  calibrated  model  dimensions. 

5.5.6  Summary  of  Sensitivity  Analysis  Results 

The  results  of  the  sensitivity  analysis  suggest  that  the  calibrated  model  depicted  in 
Figure  5.3  is  reasonable.  Varying  the  model  parameters  within  the  prescribed  ranges 
generally  caused  the  extent  and  magnitude  of  the  dissolved  plume  to  differ  substantially 
from  observed  site  conditions. 
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SECTION  6 


COMPARATIVE  ANALYSIS  OF  REMEDIAL  ALTERNATIVES 


This  section  presents  the  development  and  comparative  analysis  of  two  groundwater 
remedial  alternatives  for  OU-1  at  Altus  AFB.  The  intent  of  this  evaluation  is  to 
determine  if  RNA  is  an  appropriate  and  cost-effective  remedial  approach  to  consider 
when  developing  final  remedial  strategies  for  the  site,  especially  when  combined  with 
other  innovative  and  conventional  remedial  technologies. 

Section  6.1  presents  the  criteria  used  to  evaluate  groundwater  remedial  alternatives. 
Section  6.2  discusses  the  development  of  remedial  alternatives  considered  as  part  of  this 
demonstration  project.  Section  6.3  provides  a  brief  description  of  each  of  these  remedial 
alternatives.  Section  6.4  provides  a  more  detailed  analysis,  including  modeling  results,  of 
the  remedial  alternatives  using  the  defined  evaluation  criteria.  The  results  of  this 
evaluation  process  are  summarized  in  Section  6.5. 

6.1  REMEDIAL  ALTERNATIVE  EVALUATION  CRITERIA 

The  evaluation  criteria  used  to  identify  appropriate  remedial  alternatives  for 
groundwater  contamination  at  the  site  were  adapted  from  those  recommended  by  the 
USEPA  (1988)  for  selecting  remedies  for  Superfund  sites  (OSWER  Directive  9355.3-01). 
These  criteria  included  (1)  long-term  effectiveness  and  permanence,  (2)  technical  and 
administrative  implementability,  and  (3)  relative  cost.  The  following  sections  briefly 
describe  the  scope  and  purpose  of  each  evaluation  criterion.  This  report  focuses  on  the 
potential  use  of  RNA  to  reduce  CAH  concentrations  in  groundwater  to  levels  that  meet 
regulatory  standards  intended  to  be  protective  of  human  health  and  the  environment. 

6.1.1  Long-Term  Effectiveness  and  Permanence 

Each  remedial  approach  or  remedial  alternative  (which  can  be  a  combination  of 
remedial  approaches  such  as  RNA  and  institutional  controls)  was  analyzed  to  determine 
how  effectively  it  will  minimize  groundwater  plume  expansion  so  that  applicable 
groundwater  quality  standards  can  be  achieved  at  a  hypothetical  downgradient  POC.  The 
expected  remedial  effectiveness  based  on  case  histories  from  other  sites  with  similar 
conditions  also  is  evaluated  where  feasible.  The  ability  to  minimize  potential  impacts  on 
surrounding  areas,  facilities,  and  operations  is  considered.  Also,  the  ability  of  each 
remedial  alternative  to  protect  both  current  and  potential  future  receptors  from  potential 
exposures  associated  with  site-related  contamination  in  shallow  groundwater  is 
qualitatively  assessed  by  conservatively  evaluating  the  potential  for  completion  of 
exposure  pathways  involving  groundwater,  either  now  or  in  the  future.  This  evaluation 
criterion  also  includes  permanence  and  the  ability  to  reduce  contaminant  mass,  toxicity, 
and  volume.  Time  to  implementation  and  estimated  time  until  protection  is  achieved  are 
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described.  Long-term  reliability  for  providing  continued  protection,  including  an 
assessment  of  potential  for  failure  of  the  technology  and  the  potential  threats  resulting 
from  such  a  failure,  also  is  evaluated. 

6.1.2  Implementability 

The  technical  implementation  of  each  remedial  technology/approach  or  remedial 
alternative  was  evaluated  in  terms  of  technical  feasibility  and  availability.  Potential 
logistical  shortcomings  and  difficulties  in  construction,  operations,  and  monitoring  are 
presented  and  weighed  against  perceived  benefits.  Requirements  for  any  post¬ 
implementation  site  controls  such  as  LTM  and  land  or  groundwater  use  restrictions  are 
described.  Administrative  feasibility  in  terms  of  public  acceptance  and  the  ability  to 
obtain  necessary  approvals  is  discussed. 

6.1.3  Cost 

The  total  cost  (present  worth)  of  each  remedial  alternative  was  estimated  for  relative 
comparison  following  USEPA  (1993)  guidance.  An  estimate  of  capital  costs,  and 
operations  and  post-implementation  costs  for  site  monitoring  and  controls  is  included. 
An  annual  adjustment  (discount)  factor  of  7  percent  was  assumed  in  present-worth 
calculations  (USEPA,  1993).  The  discount  rate  is  the  difference  between  the  rate  of 
inflation  and  the  cost  of  money. 

6.2  FACTORS  INFLUENCING  ALTERNATIVES  DEVELOPMENT 

Several  factors  were  considered  during  the  identification  and  screening  of  remedial 
technologies  for  addressing  shallow  groundwater  contamination  at  the  site.  Factors 
considered  included  the  objectives  of  the  AFCEE  natural  attenuation  demonstration 
program;  site-specific  contaminant,  groundwater,  and  soil  properties;  present  and  future 
land  uses;  and  potential  receptor  exposure  pathways.  The  following  section  briefly 
describes  each  of  these  factors  and  how  they  were  used  to  narrow  the  list  of  potentially 
applicable  remedial  technologies  to  the  final  remedial  alternatives  considered  for  the  site. 

6.2.1  Program  Objectives 

The  intent  of  the  RNA  demonstration  program  sponsored  by  AFCEE  is  to  develop  a 
systematic  process  for  scientifically  investigating  and  documenting  naturally  occurring 
subsurface  attenuation  processes  that  can  be  factored  into  overall  site  remediation  plans. 
The  objective  of  this  program  is  to  provide  solid  evidence  of  RNA  of  dissolved  CAHs  so 
that  this  information  can  be  used  to  develop  an  effective  groundwater  remediation 
strategy.  A  secondary  goal  of  this  multi-site  initiative  is  to  provide  a  series  of  regional 
case  studies  that  demonstrate  that  natural  processes  of  contaminant  degradation  can  often 
reduce  contaminant  concentrations  in  groundwater  to  below  acceptable  cleanup  standards 
before  completion  of  potential  receptor  exposure  pathways. 

Because  the  objective  of  this  program  is  to  study  natural  processes  in  the  saturated 
zone  rather  than  all  contaminated  media  (e.g.,  vadose  zone  soil,  soil  gas,  etc.),  approaches 
and  technologies  have  been  evaluated  based  primarily  on  their  potential  impact  on 
shallow  groundwater  and  phreatic  soils.  Technologies  that  can  reduce  vadose  zone 
contamination  and  partitioning  of  contaminants  into  groundwater  also  have  been 
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evaluated.  Many  of  the  source  removal  technologies  evaluated  in  this  section  also  will 
reduce  soil  and  soil  gas  contamination,  but  it  is  important  to  emphasize  that  the  remedial 
alternatives  developed  in  this  document  are  not  necessarily  intended  to  remediate  all 
contaminated  media. 

Additional  program  objectives  set  forth  by  AFCEE  include  cost  effectiveness  and 
minimization  of  waste.  Approaches  and  technologies  that  may  meet  these  criteria  include 
institutional  controls,  soil  vapor  extraction,  biosparging/air  sparging,  limited  groundwater 
pump  and  treat,  and  RNA.  Soil  excavation,  slurry  walls,  sheet  piling,  carbon  adsorption, 
ex  situ  biological  or  chemical  treatment,  and  onsite/offsite  disposal  generally  are  not 
attractive  technology  candidates  under  this  program. 

6.2.2  Contaminant  Properties 

The  site-related  contaminants  considered  as  part  of  this  demonstration  at  OU-1  are 
TCE  (the  parent  CAH)  and  c/5-l,2-DCE  (a  biodegradation  byproduct).  The  source(s)  of 
this  contamination  have  not  been  identified;  potential  sources  include  dense  NAPE 
(DNAPL)  and  residual  contamination  adsorbed  to  soils  in  the  vicinity  of  LF-04.  The 
physiochemical  characteristics  of  the  individual  CAH  compounds  will  greatly  influence 
the  effectiveness  and  selection  of  a  remedial  technology. 

The  CAH  compounds  are  generally  volatile,  relatively  soluble  in  water,  and  do  not 
adsorb  strongly  to  soil  particles.  These  characteristics  allow  the  CAHs  to  leach  readily 
from  NAPE  and  contaminated  soil  into  groundwater  and  to  migrate  as  dissolved 
contamination  (Eyman  et  al.,  1992).  Many  CAHs  are  susceptible  to  in  situ  degradation 
by  both  biotic  and  abiotic  mechanisms  under  certain  geochemical  conditions. 

TCE  is  moderately  volatile,  with  a  vapor  pressure  ranging  from  69  millimeters  of 
mercury  (mm  Hg)  to  74  mm  HG  at  25°C.  Henry's  Eaw  Constants  reported  for  TCE  range 
from  0.0086  to  10.2  x  10^  atmosphere-cubic  meters  per  mole  (atm-mVmol)  at  25'’C 
(Ashworth  et  al.,  1988,  DeWulf  et  al.,  1995).  The  solubility  of  pure  TCE  in  water  at 
20°C  has  been  reported  to  be  1,100  mg/E  (Pearson  and  McConnell,  1975).  TCE  sorbs  to 
soils,  as  it  has  a  log  K,,,  of  approximately  1.9  and  a  log  octanol/water  partition 
coeffiecient  (K^J  of  approximately  2.6  (Montgomery,  1996).  TCE  biodegradation  varies 
according  to  the  prevailing  groundwater  geochemistry,  as  described  in  Section  4.2. 

The  second  most  frequently  detected  CAH  at  OU-1  is  m-l,2-DCE.  m-l,2-DCE  is 
very  volatile,  with  a  vapor  pressure  of  200  mg  Hg  at  25°C  and  a  Henry’s  Eaw  Constant  of 
about  0.0037  atm-mVmol  (reported  by  Wiedemeier  et  al.,  1996b).  d5-l,2-DCE  tends  to 
be  slightly  more  mobile  than  TCE,  with  less  tendency  to  adsorb  to  the  aquifer  matrix 
material.  The  solubility  of  c/5-l,2-DCE  in  water  at  25°C  is  approximately  3,500  mg/E 
(Howard,  1990).  The  degradation  of  cw-l,2-DCE  is  discussed  in  Section  4.2. 

On  the  basis  of  these  physiochemical  characteristics,  natural  attenuation,  soil  vapor 
extraction,  biosparging/air  sparging,  limited  groundwater  extraction,  and  air  stripping 
technologies  could  all  be  effective  options  for  collecting,  destroying,  and/or  treating  CAH 
contaminants  at  OU - 1 . 
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6.2.3  Site-Specific  Conditions 


Two  general  categories  of  site-specific  characteristics  were  considered  when 
identifying  remedial  technologies  for  comparative  evaluation  as  part  of  this 
demonstration  project.  The  first  category  was  physical  characteristics  such  as 
groundwater  depth,  gradient,  flow  direction,  and  soil  type,  which  influence  the  types  of 
remedial  technologies  most  appropriate  for  the  site.  The  second  category  involved 
assumptions  about  future  land  uses  and  potential  exposure  pathways.  Each  of  these 
catagories  of  site-specific  characteristics  has  influenced  the  selection  of  remedial 
alternatives  included  in  the  comparative  evaluation. 

6.2.3. 1  Groundwater  and  Soil  Characteristics 

Site  geology  and  hydrogeology  will  have  a  profound  effect  on  the  transport  of 
contaminants  and  the  effectiveness  and  scope  of  required  remedial  technologies  at  a  given 
site.  Hydraulic  conductivity  is  perhaps  the  most  important  aquifer  parameter  governing 
groundwater  flow  and  contaminant  transport  in  the  subsurface.  The  velocity  of  the 
groundwater  and  dissolved  contamination  is  directly  related  to  the  hydraulic  conductivity 
of  the  saturated  zone.  Slug  tests  conducted  in  the  vicinity  of  OU-1  indicate  a  low  to 
moderate  conductivity  within  the  shallow  aquifer.  Estimated  conductivity  values  ranged 
from  8  to  52  ft/day.  These  values  are  higher  than  would  be  expected  for  the  clay  and 
shale  present  at  the  site,  suggesting  the  presence  of  sandy  seams  and/or  fractures  that 
would  increase  the  permeability  of  these  deposits.  Shallow  groundwater  migrates  to  the 
southeast,  increasing  the  extent  of  contamination  (i.e.,  the  plume  has  expanded)  but 
decreasing  the  average  CAH  concentration  within  the  aquifer  through  dilution  and 
biodegradation. 

Although  higher  hydraulic  conductivities  can  result  in  plume  expansion  and  migration, 
this  same  characteristic  also  will  enhance  the  effectiveness  of  other  remedial 
technologies,  such  as  groundwater  and  soil  vapor  extraction,  air  sparging,  and  RNA.  For 
example,  it  should  be  less  expensive  and  time-consuming  to  capture  and  treat  the 
contaminant  plume  using  a  network  of  extraction  wells  in  areas  of  high  hydraulic 
conductivity.  Contaminant  recovery  also  may  be  maximized  when  contaminants  are  not 
significantly  sorbed  to  and  retarded  by  phreatic  soil.  The  effectiveness  of  air  sparging 
also  may  be  increased  in  more  conductive  aquifers  because  of  reduced  entry  pressures 
and  increased  radius  of  influence.  Greater  hydraulic  conductivity  also  would  increase  the 
amount  of  contaminant  mass  traveling  through  an  air  sparging  network  within  a  given 
time  period. 

The  movement  of  contaminants  within  the  subsurface  away  from  the  source  also  may 
influence  the  effectiveness  of  natural  biodegradation  processes  by  distributing  the 
contaminant  mass  into  areas  characterized  by  varying  geochemical  conditions.  In 
addition,  because  CAH  compounds  are  retarded  relative  to  the  advective  flow  velocity, 
relatively  fresh  groundwater  containing  DO  may  migrate  through  the  plume  area,  further 
increasing  the  potential  for  aerobic  biodegradation  of  less  chlorinated  ethenes  such  as 
DCE. 

To  satisfy  the  requirements  of  reductive  dechlorination,  which  is  the  primary 
biodegradation  mechanism  for  highly  chlorinated  CAHs  such  as  TCE,  the  aquifer  must 
provide  an  adequate  and  available  carbon  or  energy  source,  relatively  reducing 


6-4 

S:\ES\WP\PROJECTS\722450\ALTUS\6.DOC 


conditions,  suitably  low  concentrations  of  competing  electron  acceptors  (e.g.,  DO),  and 
proper  ranges  of  pH  and  temperature.  Dissolved  TOC  data  collected  as  part  of  the  field 
work  phase  of  this  demonstration  project  (Sections  3  and  4)  indicate  that  there  is  adequate 
carbon  in  the  source  area.  ORP  data  indicate  that  conditions  are  favorable  for  aerobic 
respiration,  manganese  reduction,  and  denitrification  throughout  the  site.  Concentrations 
of  DO  and  nitrate/nitrite  are  low  enough  throughout  all  but  the  most  downgradient  toe  of 
the  plume  not  to  inhibit  reductive  dechlorination  of  TCE. 

Indigenous  microorganisms  capable  of  degrading  CAHs  tend  to  be  common  in  most 
environmental  settings;  as  many  as  28  hydrocarbon-degrading  isolates  (bacteria  and 
fungi)  have  been  identified  in  different  soil  environments  (Davies  and  Westlake,  1979; 
Jones  and  Eddington,  1968).  Indigenous  microorganisms  have  a  distinct  advantage  over 
microorganisms  injected  into  the  subsurface  to  enhance  biodegradation  because 
indigenous  microorganisms  are  well  adapted  to  the  physical  and  chemical  conditions  of 
the  subsurface  in  which  they  reside  (Goldstein  et  al.,  1985).  Therefore,  microbe  addition 
was  not  considered  a  viable  remedial  technology  for  this  site. 

6.2.3.2  Potential  Exposure  Pathways 

A  pathways  analysis  identifies  the  human  and  ecological  receptors  that  could 
potentially  come  into  contact  with  site-related  contamination  and  the  contaminant 
migration  pathways  through  which  these  receptors  might  be  exposed.  To  have  a 
completed  exposure  pathway,  there  must  be  a  source  of  contamination,  a  potential 
mechanism(s)  of  release,  a  pathway  of  transport  to  an  exposure  point,  an  exposure  point, 
and  a  receptor.  If  any  of  these  elements  do  not  exist,  the  exposure  pathway  is  considered 
incomplete,  and  receptors  will  not  come  into  contact  with  site-related  contamination. 
Evaluation  of  the  potential  long-term  effectiveness  of  any  remedial  technology  or 
remedial  alternative  as  part  of  this  demonstration  project  includes  determining  if  the 
approach  will  be  sufficient  and  adequate  to  minimize  plume  expansion  so  that  potential 
receptor  exposure  pathways  involving  shallow  groundwater  contaminants  are  incomplete. 

Assumptions  about  current  and  future  land  uses  at  a  site  form  the  basis  for  identifying 
potential  receptors,  potential  exposure  pathways,  reasonable  exposure  scenarios,  and 
appropriate  remediation  goals.  USEPA  (1991)  advises  that  the  land  use  associated  with 
the  highest  (most  conservative)  potential  level  of  exposure  and  risk  that  can  reasonably  be 
expected  to  occur  should  be  used  to  guide  the  identification  of  potential  exposure 
pathways  and  to  determine  the  level  to  which  the  site  must  be  remediated. 

The  primary  source  of  CAH  contamination  appears  to  be  waste  materials  buried  at  LF- 
04.  LF-04  is  surrounded  by  flight  aprons,  taxiways,  runways,  a  skeet  and  trap  range,  a 
communications  building,  and  relatively  undeveloped  areas  (Figure  2.1).  In  the 
hydraulically  downgradient  direction  (southeast),  these  taxiways,  runways,  and 
undeveloped  areas  extend  for  at  least  5,000  feet.  Therefore,  the  current  land  use  within 
and  downgradient  of  the  contaminant  plume  is  entirely  aviation/industrial. 

Stinking  Creek  flows  through  the  area  hydraulically  downgradient  from  LF-04. 
Surface  water  analysis  indicates  that  TCE  has  been  discharged  to  the  creek.  TCE 
concentrations  in  surface  water  ranged  from  1.4  to  2.8  pg/L,  with  the  highest 
concentration  found  east  of  Runway  17L  (RV004)  and  the  lowest  concentration  found  at 
the  most  downgradient  location  (RV003)  near  the  Base  boundary.  Stinking  Creek  may 
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be  acting  as  a  hydrogeo  logic  control,  as  TCE  and  DCE  have  not  been  identified  in 
groundwater  samples  collected  to  the  east  of  the  creek.  Depending  on  climate  and 
groundwater  elevations,  Stinking  Creek  at  times  may  act  as  a  hydraulic  divide,  causing 
dissolved  contamination  to  migrate  parallel  to  the  creek,  and  at  other  times,  groundwater 
may  discharge  to  the  creek.  Computer  simulation  results  indicate  that  approximately  3  kg 
of  CAHs  will  discharge  to  Stinking  Creek  during  the  calibration  year  1997.  During  field 
work  in  April  1997,  it  was  estimated  that  the  flow  velocity  of  Stinking  Creek  was 
approximately  0.25  meter  per  second  and  that  the  average  cross-sectional  area  of  the 
creek  is  0.25  square  meter,  yielding  an  average  volume  of  flow  in  the  creek  of  0.0625 
cubic  meters  per  second.  A  mass  of  3  kg  per  year  and  a  flow  of  62.5  L  per  second  yields 
a  concentration  of  CAHs  in  surface  water  of  less  than  2  pg/L,  similar  to  concentrations 
that  were  observed  at  the  site.  .Discharge  calculations  are  included  in  Appendix  D. 

Under  reasonable  current  land  use  assumptions,  potential  receptors  include  Base 
worker  populations  and  biota  that  may  be  exposed  to  contaminated  surface  water. 
Workers  could  be  exposed  to  site-related  contamination  in  phreatic  soils  or  shallow 
groundwater  if  these  materials  are  removed  or  exposed  during  construction  excavations  or 
remedial  activities.  Groundwater  from  the  shallow  aquifer  is  not  currently  used  to  meet 
any  demands  at  Altus  AFB.  All  Base  potable  water  is  supplied  by  the  city  of  Altus. 
There  are  no  private  wells  located  on  the  Base.  Two  private  wells,  one  reportedly  located 
approximately  8,000  feet  west  and  the  other  4,000  feet  north  of  LF-04,  are  used  for 
domestic  and  livestock  purposes  (ES,  1985).  Exposure  pathways  involving  other 
environmental  media  such  as  vadose  zone  soils  and  soil  gas  in  the  source  area  were  not 
considered  as  part  of  this  project,  but  should  be  considered  in  overall  site  remediation 
decisions. 

Assumptions  about  hypothetical  future  land  uses  also  must  be  made  to  ensure  that  the 
remedial  technology  or  alternative  considered  for  shallow  groundwater  at  the  site  is 
adequate  and  sufficient  to  provide  long-term  protection.  The  future  use  of  OU-1  and  the 
surrounding  area  is  projected  to  be  unchanged  from  the  current  uses  described  above. 
Therefore,  potential  future  receptors  are  the  same  as  those  listed  in  the  preceding 
paragraph.  The  potential  future  exposure  pathways  involving  Base  workers  are  identical 
to  those  under  current  conditions  provided  shallow  groundwater  is  not  used  to  meet 
industrial  water  demands.  In  summary,  the  use  of  RNA  at  this  site  will  require  that  the 
source  area  be  maintained  as  industrial  property  and  that  restrictions  on  shallow 
groundwater  use  be  enforced  in  areas  downgradient  from  the  site  until  natural  attenuation 
reduces  contaminants  to  concentrations  that  meet  regulatory  standards.  If  source  removal 
technologies  such  as  soil  vapor  extraction  or  groundwater  pump-and-treat  are 
implemented,  they  will  have  some  impact  on  the  short-  and  long-term  land  use  options 
and  will  require  some  level  of  institutional  control  and  worker  protection  during 
remediation. 

6.2.3.3  Remediation  Goals  for  Groundwater  and  Surface  Water 

Potentially  applicable  state  and  federal  water  quality  criteria  are  summarized  in  Table 
6.1.  State  groundwater  standards  for  TCE  and  1,2-DCE  are  exceeded  in  most  portions  of 
the  groundwater  plume.  Surface  water  quality  standards  for  these  CAHs  are  not  exceeded 
in  the  sampled  segments  of  the  drainage  ditch  and  Stinking  Creek. 
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TABLE  6.1 

REMEDIAL  ACTION  OBJECTIVES  FOR  GROUNDWATER  AND  SURFACE 

WATER 

OU-1 

REMEDIATION  BY  NATURAL  ATTENUATION  TS 
ALTUS  AFB,  OKLAHOMA 


Compound 

USEPA 

MCL^' 

USEPA  Surface 
Water  Quality 
Standard  Fresh 
Chronic  Criteria<=‘' 

Oklahoma 

Groundwater 

Standard‘s' 

(Pg/L) 

Oklahoma 
Surface  Water 
Standard*^ 
(d.g/L) 

Trichloroethene 

5 

21,900 

0.3 

3,094 

1 ,2-Dichloroethene 

70 

NAf/ 

0.5 

NA'’' 

USEPA  MCL  =  US  Environmental  Protection  Agency  (1996)  Maximum  Contaminant  Level. 

|ig/L  =  micrograms  per  liter. 

Water  Quality  Criteria  Summary,  USEPA,  1991. 

Oklahoma  Department  of  Environmental  Quality  (DEQ),  1992.  Numerical  Water  Quality  Criteria 
for  Groundwater  in  Oklahoma  Regulation  1889  Section  785:45-7-2  Protective  Measures  and 
Corrective  Actions. 

Water  Column  Numerical  Criteria  to  Protect  Human  Health  for  the  Consumption  of  Fish  Flesh 
and  Water  in  Oklahoma  Regulation  3305  Section  785:45-5-10  Public  and  Private  Water  Supplies 
(Oklahoma  DEQ,  1995). 

NA  =  Not  Available. 


Use  of  RNA  assumes  that  compliance  with  promulgated  water  quality  standards 
within  the  zone  of  institutional  control  is  not  necessary  if  site-related  contamination  does 
not  pose  an  immediate  threat  to  human  health  or  the  environment  (i.e.,  exposure  pathways 
are  incomplete).  Thus,  the  magnitude  of  required  remediation  in  areas  that  can  and  will 
be  placed  under  institutional  control  is  different  from  the  remediation  that  is  required  in 
areas  that  may  be  available  for  unrestricted  groundwater  use.  The  primary  remedial 
action  objective  (RAO)  for  groundwater  at  and  downgradient  from  OU-1  is  limited  plume 
expansion  to  prevent  exposure  of  downgradient  receptors  to  concentrations  of  CAH  in 
groundwater  and  surface  water  that  exceed  regulatory  standards  or  guidelines.  This 
means  that  viable  remedial  alternatives  must  be  able  to  achieve  concentrations  that 
minimize  plume  migration  and/or  expansion.  Institutional  controls  are  likely  to  be  a 
necessary  component  of  any  groundwater  remediation  strategy  for  this  site.  The  required 
duration  of  these  institutional  controls  may  vary  depending  on  the  effectiveness  of  the 
selected  remedial  technology  at  reducing  contaminant  mass  and  concentration  in  the 
groundwater,  and  the  amount  of  contaminated  groundwater  discharging  to  surface  water. 

6.2.4  Summary  of  Remedial  Technology  Screening 

Several  remedial  technologies  were  identified  and  screened  for  use  in  treating  the 
groundwater  at  the  site.  Table  6.2  identifies  the  initial  remedial  technologies  considered 
as  part  of  this  demonstration  and  those  retained  for  detailed  comparative  analysis. 
Screening  was  conducted  systematically  by  considering  the  program  objectives  of  the 
AFCEE  RNA  demonstration,  physiochemical  properties  of  the  CAH  compounds,  and 
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TABLE  6.2 

INITIAL  SCREENING  OF  TECHNOLOGIES  AND  PROCESS  OPTIONS 


0 

< 

pm 

C 

U 

S 

oc  g2 
H  i 

O 
Z 

o 

cs; 
a 

o 


u. 

< 

b 

u. 

O 


<u 

>  ^ 
«  o 
U 
ca: 


C 

O 

U 

L. 

u 

c 

o 

-o 

c 

C3 


C 

a 

S 


c 

.2 

G< 

o 

1/5 

C« 

a> 

c.> 

o 

L. 

CU 


d  "2 

.2 

c  ^ 

g 

o  £ 

W2  ^ 

on 

H  g 


&£ 

-2  o 
2  ®- 
x:  ^ 

4> 

H 


«  2  c 
i-  5  o 

O  O  .M 

a  Cl. 

Ci  c/j  H 

os< 


c 

£•2 
>^•2 
CQ  <L>  OJ 

^  2  g) 

D  D  ^ 

^  « 


O 


Cl-  cb 

'■  c 

r-  ^ 

B  T3 
,a  ^ 

^  (L) 


^  .3 


(U  <U 


CO 

w 

a 

(U 

.n 

'O 


cd 

'cd 
> 
cd 

o 

5d  2  g 
J2  g  3 
13  ^  'E. 

^  ^  (U 
OJD  w  •£ 

a  g 

‘Ci  ^  o 

Cd  c 

X  a  § 

oj  g 

s  S  ^ 

O  ^  '3 

00  <  a 


CJO 

a 


H 

I 

ojo  • 

J  s  ^ 


o 

a  c/3 


O  <u 


<D 


bq 

S  c2 

:a  ^  o 

'a  c  ^ 
o  g  00  S  -a 

‘C  o  *o  o 

g^s 


E 

a  a 
H  o 
00  ■a 

§  ® 

j  s 


&'  s 

-  § 
s  s. 


U  J 


PQ 


(U 

’E 

T3 

a 

?  a 

£:".2 
cd  ^ 

§  ^ 
5  .2 

o  -r 

^  3 

d) 

c/3  D 
Cd  t/3 

CQ  ^ 
C3 
<u 

-a 


.a  ^ 

^  § 

^  <13 

<u  5i 
33  cd 

>3  33 

-a  O 
a  a 
<u  'a 

3  ^ 
cj  O 

<i>  ^a 
S  o 
.5  ^ 
'H.s  ^ 

43  Cd 

fS  § 


jd 

00  tl 
^  c 

1  oi 
d  i: 

o  ^ 
CJ  ^ 


13 

<U 

3 

(D  a 


o 

;z:  ^ 


'E. 

a 

2 

E 

a 

<D 


^  Cd 

O  ^ 

7:  g 


a  « 

-S 

s  ^ 

-C5  gl 

<  •  S 

^  .2 
<u  X 
CO  w 


cr  ^ 

^  'i 

o  -a 

;z;  -E 


>3 

a 

Cd 


D 

s 

E 

"E. 

OJ 

a 

E 

o 


cd 

a 

a 

3 

o 

Ui 

00 

S 

E 

a 

c/3 

o 


(L> 

c/) 

2  g 

2  B 
•s  s 

f£  H 


a  o 
>  ij 
a  c; 
E  o 

3  ^ 

o  <u 

I-  U3 

O  E) 


a 

a-B 
s  -g  s 

M  E  Of 

OJ  4>  W 

u  a 
-  2 


c/3 

^1 

Cd 


cd 

a 
2  1? 


3 

a. 

o 

cx 


<u 

,2  E 
a  >^ 

(D  a3 

£  .2 
(D 

00  g 

S  ® 

2  a. 
£  ^ 
<D 

Cd  a 


<D 


o 
a 
^  a 
a  ccj 

o  w 
h2  *-« 
C  <L> 


o 
o 

CO 
D 
3 

a 
<u 
> 
Cd 

o  a 
a  o 
a  a 
a  Cd 

^  § 

^  c2 

cS  .£ 


B 

00 

a 

c/3 

4J  > 

W  § 

S  :z: 


a 

.2 

E 

u 

3 

no 

W 


Cd 

a 

O  c/3 

11 

1  § 

£  u 


g-a 
•§£ 
s  s 


00 

s 


o 

E 

a  2 
a  ^ 

3  ^ 
O 

cd  >-J 

CQ 


a  cd 
E  CQ 

Cd  t*i 


(D 


a 

<u 

> 

1) 

> 

o 


00- 
a  . 


a  ^ 


<D  .a'a 
a  a  o 
a  - 


3  ^ 

o  2 
o  a 

a  c 
^  o 


a  a 

II 

2  c 
2  o 
a  CJ 
X  FQ 
<1^  ^ 

B  ^ 

2  w 
^  .2 
a  a 
a  ^ 
2  c 

O  4^ 

00  g 
<  P. 


Cd 

a 

a 

o 

a 

(U 

c/3 

cd 

CQ 


a 

a 
^  E 

>  E 

II 

a  ^ 

§  > 
CJ  ? 


O  g 

Qi-  a  a 
i>  o  H 
CJ  c 

a  E  a 
-Shu 


a 

00 


a 

s  g 

—  <D 

u  O 

5  & 

u  o 
p  E 


^  a  o 


o 
m 
CQ 
1..) 

Cd 
(D 

a 

1  ^ 
£  > 

.1 1 
o  a 
a  a 


3  a 
o  o 
o  a 

c/3  Cd 


.  o 

i  -fa 

^  s 

a  Cd  Cd' 
^  a  </3 

D.  W3 

I  <u 

1  i 

a 

Cd 

^  F... 

o  2 

“  I 

cx  ^ 


»  kM  c/3  Im 


g  C 
^  'U 
^  O 

a  a 
o  o 
a  0) 

g  K 

a  < 

o  "S 

E  cd 

^  s 


VJ  hM 

Cd  g 

2  ^ 
<0  > 
a 

o  a 

N  S 

a  o 

£  Cd 


a  X 
a  <u 
£ 

Cd  O 


^  O 
O  E 


2  S 

Cd  H 


4i 

E  ^ 
I  o 

a  a 
=  2 
g  a 

rt:  X 
O  W 


S  2 

>—  a 
a  a 
>*  o 
X  O 


9G 

00 

X 


B 
o  E 
p  ^ 

(L> 

>  a 

ll 


0) 

£ 

f3  >• 

3:  £ 

.2  3 

"I 

E 

g 

M  > 

>3  (U 

B  p 

Cd  a 

00  ^ 

^  <L3 

s  ^ 

^  o 
£  a 

I 

Cd 

V-.  <u 
O  Jo 

cd  o 
crt 

«  >3 

'S  ^ 

a  .> 

3  E 

c'j  a 
a 


3 

o 

.£ 

-2  c^ 
3  o 

CJ  00 

^  a 
3  a 
p  <u 
^3  3 
feo  c 

4i  3 
>  U- 


3  .ti 
cd  ^ 

E  S 

I  i 

B  ^ 

« .2 

?  ,c 

^  1 

B  I 

s 

00  p 
3  ^ 

P  P 


3  a  ^  u 


D  Cd 

^  a 
FT3  op 

’E  g 

o  Jo 
U  a 


<U  3 

^  O 

a 
c  S 
g  a 

CJ  <L) 

p-a 


3 

2 

a 


-2  S 
00  >  U 


a 

00 


^  - 
■§  f 


00 

.£ 

a 

a 

^  i 

£  a 
-  X  i> 

a  tA 
£  3 
P  cd 
—  o 

^  &>■ 
O  Cd 

E  E 

>  B 

Cd  Cd 
3a  ^ 

Cd  a 

3 

2 

00 


a  £ 


o  P 

N  CO 

a  3 
o  g 

£  E 


P  i: 


D  o  Cd 


F^  >  .a 

f/i 


a  c/5  w 


c  «-» 

•  M  Ui 

CJ 

a 
a 

S 
p 

U 


V 

00  a  S 

3  00 
2  £  a 
:S.S  g 


00 

a 


c/2 


cd  a 

-  h 
2 
>3  3 

a  P 
cx  U 


^  3 

^  3 

o  a  4j 

a  a  a 

Cd  g  J 

a  a  cu 

X  P 
tU  U  o 


00 

1 

o 


022/722450/275.  DOC 


TABLE  6.2  (Continued) 

INITIAL  SCREENING  OF  TECHNOLOGIES  AND  PROCESS  OPTIONS 
FOR  GROUNDWATER  REMEDIATION 
B30I  RNA  TS 

OFFUTT  AFB,  NEBRASKA 


ay  require  excessive  retention  times  and  large,  expensive  reactors.  Moderate 


TABLE  6.2  (Continued)) 

INITIAL  SCREENING  OF  TECHNOLOGIES  AND  PROCESS  OPTIONS 
FOR  GROUNDWATER  REMEDIATION 

B301  RNA  TS 

OFFUTT  AFB,  NEBRASKA 


L  J 


L  J 


Remediation  Ex  situ  soil  Excavation  probably  not  feasible  at  this  site  (see  Landfilling).  Moderate  High 

vapor 

extraction _ _ _ 

Thermal  Excavation  probably  not  feasible  at  this  site  (see  Landfilling).  Moderate  High 

Desorption  _ 
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INITIAL  SCREENING  OF  TECHNOLOGIES  AND  PROCESS  OPTIONS 
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other  site-specific  characteristics  such  as  hydrogeology,  land  use  assumptions,  potential 
exposure  pathways,  and  appropriate  RAOs.  All  of  these  factors  will  influence  the 
technical  effectiveness,  implementation,  and  relative  cost  of  technologies  for  remediating 
shallow  groundwater  underlying  and  migrating  from  the  site.  The  remedial  approaches 
and  source  removal  technologies  retained  for  development  of  remedial  alternatives  and 
comparative  analysis  include  institutional  controls,  RNA  combined  with  LTM,  dual¬ 
phase  extraction  in  the  source  area,  and  plume  containment  along  the  Base  boundary  and 
Stinking  Creek,  if  necessary,  via  installation  of  an  air  sparging  curtain. 

6.3  BRIEF  DESCRIPTION  OF  REMEDIAL  ALTERNATIVES 

This  section  describes  how.  remedial  technologies  retained  from  the  screening  process 
were  combined  into  two  remedial  alternatives  at  OU-1.  Sufficient  information  on  each 
remedial  alternative  is  provided  to  facilitate  a  comparative  analysis  of  effectiveness, 
implementability,  and  cost  in  Section  6.4. 

6.3.1  Alternative  1— RNA  and  Institutional  Controls  with  Long-Term  Groundwater 
and  Surface  Water  Monitoring 

RNA  is  achieved  when  naturally  occurring  attenuation  mechanisms  bring  about  a 
reduction  in  the  total  mass  of  a  contaminant  in  the  soil  or  dissolved  in  groundwater  and 
surface  water.  RNA  results  from  the  integration  of  several  subsurface  attenuation 
mechanisms  that  are  classified  as  either  destructive  or  nondestructive.  Destructive 
attenuation  mechanisms  include  biodegradation,  abiotic  oxidation,  and  hydrolysis. 
Nondestructive  attenuation  mechanisms  include  sorption,  dilution  (caused  by  dispersion 
and  infiltration),  and  volatilization.  In  some  cases,  RNA  will  reduce  dissolved 
contaminant  concentrations  below  numerical  concentration  goals  intended  to  be 
protective  of  human  health  and  the  environment.  As  indicated  by  the  evidence  of  RNA 
described  in  Section  4,  these  processes  are  occurring  in  the  vicinity  of  LF-04  and  will 
continue  to  reduce  contaminant  mass  in  the  source  area. 

Implementation  of  Alternative  1  would  require  the  use  of  institutional  controls  such  as 
land  use  restrictions  and  LTM.  Land  use  restrictions  may  include  placing  long-term 
restrictions  on  soil  excavation  in  the  source  area  (if  significantly  contaminated  soils  are 
detected  in  the  future),  on  groundwater  well  installations  within  and  downgradient  of  the 
plume  area,  and  on  use  of  Stinking  Creek.  The  intent  of  these  restrictions  would  be  to 
reduce  potential  receptor  exposure  to  contaminants  by  legally  restricting  activities  within 
areas  affected  by  site-related  contamination. 

Public  education  on  the  selected  alternative  would  be  developed  to  inform  Base 
personnel  and  residents  of  the  scientific  principles  underlying  RNA.  This  education 
could  be  accomplished  through  public  meetings,  presentations,  press  releases,  and  posting 
of  signs  where  appropriate.  Periodic  site  reviews  also  could  be  conducted  using  data 
collected  during  the  LTM  program.  The  purpose  of  these  reviews  would  be  to  evaluate 
the  extent  of  contamination,  assess  contaminant  migration  and  attenuation  through  time, 
document  the  effectiveness  of  institutional  controls  at  the  site,  and  reevaluate  the  need  for 
additional  remedial  actions  at  the  site. 
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6.3,2  Alternative  2--Dual-Phase  Extraction  in  the  Source  Area,  RNA,  and 

Institutional  Controls  with  Long-Term  Groundwater  and  Surface  Water 
Monitoring 

Alternative  2  is  identical  to  Alternative  1  except  that  a  dual-phase  (groundwater  and 
soil  vapor)  extraction  (DPE)  system  would  be  installed  near  the  source  area  to  remediate 
source  area  groundwater  and  phreatic  soils  by  using  low-vacuum  extraction  of 
groundwater  and  vadose  zone  gases. 

DPE  technology  is  most  applicable  at  sites  characterized  by  high  concentrations  of 
volatile  contaminants  anddow  soil  permeabilities  that  would  limit  the  effectiveness  of 
conventional  pump-and-treat  §ystems  in  capturing  contaminant  plumes  in  groundwater. 
DPE  involves  lowering  the  water  table  via  groundwater  extraction  while  a  vacuum  is 
simultaneously  applied  to  the  extraction  well.  The  vacuum  increases  liquid  flow  to  the 
well  and  extracts  vapors  from  the  unsaturated  portion  of  the  formation.  As  the  water 
table  is  lowered,  more  of  the  formation  is  exposed  to  the  vacuum,  causing  an  increase  in 
the  vapor  flow  to  the  well.  The  induced  vapor  flow  volatilizes  adsorbed  and  ffee-phase 
contaminants. 

Radian  (1996)  conducted  a  DPE  pilot  test  at  the  site  in  October  1996.  OU-1-01  was 
used  as  the  extraction  well,  and  several  nearby  wells  were  used  to  monitor  the  effects  of 
the  extraction  test.  Results  indicate  a  sustainable  pumping  rate  of  3  to  5  gpm.  A  radius 
of  influence  of  approximately  100  feet  was  measured  during  the  test.  Analytical  results 
indicate  that  the  average  TCE  extraction  rate  from  soil  vapor  and  groundwater  was  1 12.5 
pounds  per  year  (Ib/yr),  and  the  average  VOC  extraction  rate  from  soil  vapor  and 
groundwater  was  1 89  Ib/yr. 

As  with  Alternative  1,  institutional  controls  and  LTM  would  be  required.  Sentry  and 
LTM  wells  would  be  installed  in  the  locations  indicated  in  Section  7.2.  At  a  minimum, 
groundwater  monitoring  would  be  conducted  annually  as  part  of  this  remedial  alternative 
to  evaluate  the  progress  of  source  removal  and  natural  attenuation  processes. 

6.4  EVALUATION  OF  ALTERNATIVES 

This  section  provides  a  comparative  analysis  of  each  of  the  remedial  alternatives  based 
on  the  effectiveness,  implementability,  and  cost  criteria.  A  summary  of  this  evaluation  is 
presented  in  Section  6.5. 

6.4.1  Alternative  1-RNA  and  Institutional  Controls  with  Long-Term  Groundwater 

and  Surface  Water  Monitoring 

6.4.1. 1  Effectiveness 

The  Visual  MODFLOW  and  MTSD^^)  codes  were  used  to  simulate  CAH  plume 
migration  if  no  engineered  remedial  actions  are  performed.  The  simulation  assumes  that 
the  contaminant  transport  parameters  are  identical  to  those  used  in  the  calibrated  model. 

The  prediction  was  run  for  200  years  beyond  1997.  Although  it  is  realistic  to  assume 
that  the  source  strength  will  decrease  over  time  through  leaching  and 
weathering/degradation,  the  rate  of  decrease  cannot  be  predicted  with  confidence  due  to 
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the  lack  of  information  regarding  the  nature  and  location  of  the  source.  Cohen  and 
Mercer  (1993)  state  that  factors  influencing  NAPL  dissolution  and  eventual  depletion 
include  the  effective  aqueous  solubility  of  NAPL  components,  groundwater  velocity, 
NAPL/water  contact  area,  and  the  molecular  diffusivity  of  the  NAPL  chemicals  in  water. 
The  actual  dissolution  of  NAPL  will  generally  slow  with  time  due  to  aging  and  reduction 
of  the  NAPL/water  contact  area  (Powers  et  al.,  1991). 

The  contaminant  source  in  this  prediction  is  assumed  to  decrease  at  a  rate  of  2  percent 
per  year  for  the  200  years  of  the  predictive  period  (the  source  strength  for  each  successive 
year  was  decreased  by  2  percent  from  the  previous  year’s  value).  This  source  reduction 
scenario  reflects  both  the  potential  for  generation  of  significant  dissolved  groundwater 
contamination  for  many  years  and  the  likelihood  that  the  source  strength  will  decrease 
over  time. 

Figure  6.1  presents  the  simulated  migration  of  the  plume  over  time  as  predicted  by  the 
model  under  the  influence  of  RNA  alone.  Concentrations  in  the  source  area  decline  at  a 
steady  pace  throughout  the  200  year  prediction  period.  The  simulated  concentrations 
over  time  at  source  area  well  OU-1-03  are  shown  on  Figure  6.2.  The  simulated  CAH 
concentration  at  this  well  in  the  year  2000  is  approximately  15,000  pg/L,  higher  than  the 
concentration  of  13,800  pg/L  observed  in  April  1997  (Table  4.2).  The  model  predicts 
that  the  concentration  at  the  well  will  decrease  to  approximately  1,000  pg/L  by  2150 
under  the  influence  of  RNA  alone.  The  model  also  predicts  that  the  plume  will  continue 
to  expand  for  approximately  125  years.  Simulated  observation  well  OW-1  is  located  at 
the  point  of  the  highest  concentration  of  dissolved  CAHs  along  the  Base  boundary  during 
the  200-year  predictive  period  (Figure  6.1).  A  simulated  concentration  of  dissolved 
CAHs  above  5  pg/L  reaches  the  Base  boundary  (at  simulated  observation  well  OW-1) 
during  simulated  calendar  year  2000,  and  as  plume  expansion  is  simulated, 
concentrations  at  this  well  increase.  Simulated  dissolved  CAH  concentrations  over  time 
at  well  OW-1  are  shown  on  Figure  6.3.  The  RNA-only  model  predicts  a  maximum 
dissolved  CAH  concentration  at  the  Base  boundary  during  the  200-year  predictive  period 
of  154  pg/L,  in  calendar  year  2110.  Simulated  CAH  concentrations  at  the  Base  boundary 
do  not  decrease  below  5  pg/L  within  the  200-year  simulation  period. 

The  model  also  predicts  that  the  CAH  discharge  to  Stinking  Creek  may  increase 
approximately  60  percent  over  the  next  50  years,  from  3  kilograms  per  year  (kg/yr)  in 
1997,  to  5  kg/yr  in  2047.  The  model  then  predicts  CAH  discharge  to  remain  relatively 
constant  over  the  next  50  years  (5  kg/yr  in  2097).  Thereafter,  discharge  decreases  over 
the  last  100  years  of  the  model  simulation  to  approximately  2  kg/yr  in  2197.  Based  on 
these  values,  the  concentration  of  CAHs  in  Stinking  Creek  will  not  reach  or  exceed 
regulatory  limits  within  the  200-year  prediction  period. 

6.4. 1.2  Technical  and  Administrative  Implementability 

Alternative  1  is  not  technically  difficult  to  implement.  Installation  of  LTM  and  POC 
wells  and  periodic  groundwater  and  surface  water  sampling  and  analysis  are  standard 
procedures.  Long-term  management  efforts  would  be  required  to  ensure  that  proper 
sampling  procedures  are  followed.  Periodic  site  reviews  should  be  conducted  to  confirm 
the  adequacy  and  completeness  of  LTM  data  and  to  verify  the  effectiveness  of  this 
remediation  approach.  However,  there  may  be  administrative  concerns  associated 
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Denver,  Colorado 


FIGURE  6.2 

COMPARISON  OF  REMEDIAL  ALTERNATIVES  USING  CAH 
CONCENTRATION  VERSUS  TIME  AT  SOURCE  AREA  WELL  OU-1-03 


SIMULATION  YEAR 


FIGURE  6.3 

COMPARISON  OF  REMEDIAL  ALTERNATIVES  USING  CAH 
CONCENTRATION  VERSUS  TIME  AT  SIMULATED  DOWNGRADIENT  WELL  OW-1 
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with  long-term  enforcement  of  groundwater  use  restrictions.  Given  the  assumptions 
regarding  the  future  magnitude  and  duration  of  the  contaminant  source  that  are 
incorporated  into  the  RNA-only  model,  substantially  elevated  CAH  concentrations  are 
predicted  to  persist  in  groundwater  for  more  than  200  years.  Furthermore,  concentrations 
in  excess  of  regulatory  criteria  may  be  exceeded  at  the  Base  boundary  throughout  much 
of  the  remediation  time  frame.  Future  land  use  within  the  plume  area  may  be  impacted 
by  leaving  contaminated  soil  and  groundwater  in  place.  Regulators,  Base  personnel,  and 
the  public  will  have  to  be  informed  of  the  benefits  and  limitations  of  the  RNA  option,  but 
educational  programs  are  not  difficult  to  implement. 

6.4.1.3  Cost 

The  present- worth  cost  of  implementing  Alternative  1  for  a  30-year  period  beginning 
in  1998  is  summarized  in  Table  6.3.  Included  in  the  total  present-worth  cost  of  $253,400 
are  the  estimated  costs  for  installing  additional  LTM  wells,  performing  the  recommended 
groundwater  and  surface  water  monitoring  (see  Section  1),  maintaining  institutional 
controls,  public  education,  project  management,  and  reporting.  Cost  calculations  are 
contained  in  Appendix  F. 

TABLE  6.3 

ESTIMATED  ALTERNATIVE  1  COSTS 

out 

REMEDIATION  BY  NATURAL  ATTENUATION  TS 
ALTUS  AFB,  OKLAHOMA 

Capital  Costs  Present-Worth  Cost^ 

Design/construct  three  LTM  wells  in  1998  $12,700 

Monitoring  Costs  Present- Worth  Cost 

Conduct  annual  monitoring  of  1 1  wells  and  5  surface  water  $83,400 

stations  from  1998  to  2002 

Conduct  biennial  monitoring  of  1 1  wells  and  5  surface  water  $82,800 

stations  from  2003  to  2028 

Site  management  (maintain  institutional  controls/public  $74,500 

education)  (30  years) 

Total  Present  Worth  of  Alternative  1  $253,400 

Based  on  an  annual  discount  factor  of  7  percent  (USEPA,  1993).  Costs  assume  that  well 
installation  and  LTM  are  performed  by  local  personnel. 

6.4.2  Alternative  2  -  DPE  in  Source  Area,  RNA,  and  Institutional  Controls  with 
Long-Term  Groundwater  and  Surface  Water  Monitoring 

6.4.2. 1  Effectiveness 

The  predictive  model  used  to  simulate  the  effectiveness  of  Alternative  1  (Section 
6.4. 1.1)  was  modified  to  include  a  simulated  DPE  well  near  the  suspected  source  area  at 
LF-04.  The  DPE  system  is  assumed  to  become  operational  in  1998. 

According  to  the  DPE  pilot  test  results  (Radian,  1996),  this  type  of  technology  could 
be  expected  to  remove  150  to  200  Ib/yr  of  CAHs  from  the  source  area  soil  gas  and 
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groundwater.  DPE  was  simulated  by  two  modifications  to  the  calibrated  model.  First, 
groundwater  extraction  and  the  resulting  change  in  groundwater  flow  was  simulated  by  a 
single  extraction  well.  This  well  pumped  3  gal/min  for  a  one  year  period  for  model  year 
42  (1998).  The  pumping  rate  was  based  on  a  sustainable  rate  derived  from  DPE  pilot  test 
results  (Radian,  1996).  Secondly,  immediately  following  the  1-year  pumping  period,  the 
contaminant  source  terms  were  reduced  by  90  percent  to  simulate  the  DPE  source 
reduction.  The  remaining  source  mass  was  then  degraded  at  2  percent  per  year  as  in 
Alternative  1. 

The  plume  migration  simulated  by  the  DPE  alternative  model  is  shown  on  Figure  6.4. 
The  combination  of  sourco  reduction  and  groundwater  extraction  west  of  LF-04  reduces 
the  dissolved  CAH  concentration  at  well  OU-1-03  (source  area  well)  to  below  5,000  pg/L 
by  year  2018  (Figure  6.2);  therefore,  maximum  CAH  concentrations  within  the  plume 
and  available  to  discharge  to  Stinking  Creek  are  substantially  reduced  relative  to  the 
Alternative  1  simulations  (Section  6.4.1). 

CAH  concentrations  at  simulated  downgradient  observation  well  OW-1  during  the 
200-year  predictive  period  under  the  influence  of  Alternative  2  DPE  are  shown  on  Figure 
6.3.  The  maximum  dissolved  CAH  concentration  predicted  to  reach  simulated  well  OW- 
1  is  128  pg/L  in  calendar  year  2088.  Because  it  may  take  decades  before  the  effects  of 
source  reduction  are  fully  realized  at  the  Base  boundary,  this  peak  concentration  is  only 
20  percent  lower  and  occurs  only  22  years  earlier  than  for  the  simulation  considering 
RNA  alone.  However,  dissolved  CAH  concentrations  are  predicted  to  decrease  in 
subsequent  years  at  a  faster  rate  than  predicted  for  RNA  alone  as  the  plume  recedes 
toward  the  source  area. 

Model  results  indicate  that  the  mass  of  CAHs  discharging  to  Stinking  Creek  from  the 
aquifer  throughout  the  site  in  2047  is  less  than  4  kg/yr,  in  2097  is  approximately  3  kg/yr, 
in  2147  is  approximately  2  kg/yr,  and  in  2197  is  approximately  1  k^yr.  Based  on  these 
simulated  values  of  mass  entering  the  creek,  concentrations  of  CAHs  in  surface  water  will 
not  exceed  regulatory  limits  (Table  6.1). 

6.4.2.2  Technical  and  Administrative  Implementability 

The  implementability  issues  described  for  Alternative  1  in  Section  6.4. 1.2  also  are 
applicable  for  Alternative  2.  However,  administrative  concerns  regarding  the  length  of 
LTM  and  institutional  controls  should  be  lessened  due  to  more  rapid  depletion  of 
significantly  elevated  dissolved  CAH  concentrations.  Regulatory  and  community 
acceptance  of  this  alternative  should  be  more  positive  than  with  Alternative  1  due  to  the 
more  aggressive  plume  remediation  activities. 

Alternative  2,  as  simulated  by  the  numerical  model,  should  not  be  difficult  to 
implement  technically  or  administratively.  However,  the  precise  nature  and  location  of 
the  contaminant  source  to  be  remediated  has  not  been  defined. 

The  DPE  system  simulated  by  the  DPE  alternative  predictive  model  would  not  require 
construction  of  an  extraction  well,  because  well  OU-1-01,  installed  for  the  DPE  pilot  test 
conducted  by  Radian  (1996),  could  be  used  for  a  full-scale  system.  Implementation 
would  require  the  installation  of  a  submersible  pump  with  controls,  an  aboveground 
vacuum  blower,  an  air  stripper,  and  the  associated  piping.  State  and/or  local  regulations 
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may  require  a  vapor  treatment  system  to  meet  air  discharge  requirements.  However,  such 
equipment  was  assumed  to  be  unnecessary  in  determining  the  cost  for  this  alternative. 
Standard  mechanical  and  electrical  construction  and  equipment  would  be  used;  special 
construction  techniques  and  special-order  equipment  should  not  be  necessary.  All 
equipment  needed  for  this  alternative  is  commercially  available. 

Submersible  pumps  and  air  strippers  generally  are  highly  reliable  when  properly 
maintained.  The  most  frequent  reliability  problems  occur  with  pump  controls,  which 
must  be  carefully  set  to  minimize  pump  cycling.  Assuming  a  3-year-long  operating 
period,  the  submersible  pump  should  not  have  to  be  replaced.  The  most  significant 
maintenance  requirement  for  this  system  will  be  regular  maintenance  of  the  air  stripper 
and  monitoring  of  effluent  to  ensure  that  surface  water  discharge  and  air  emissions 
standards  are  attained.  Blower  systems  are  very  reliable  and  require  only  minimal 
maintenance.  Air  filters  provide  blower  protection  and  generally  require  replacement 
every  90  to  180  days.  Installation  and  operation  of  a  full-scale  DPE  system  would  require 
an  increased  commitment  of  labor  and  other  resources  to  maintain  and  monitor  the 
system.  Weekly  system  checks  are  recommended,  during  which  operating  data  such  as 
vaccum  pressure  and  flow  rate  should  be  recorded.  Periodic  effluent  water  and  vapor 
sampling  and  analysis  would  be  required  to  demonstrate  compliance  with 
discharge/emissions  requirements. 

Administrative  implementation  of  this  alternative  will  require  that  appropriate 
air/water  discharge  permits  are  obtained,  and  that  future  development  plans  protect  the 
DPE  system.  All  system  components  (above-  and  below-grade)  should  be  protected 
against  damage  in  the  event  that  construction  or  maintenance  work  is  performed  in  the 
area. 

6.4.2.3  Cost 

The  estimated  capital  and  operating  costs  of  Alternative  2  are  shown  in  Table  6.4.  The 
total  present-worth  cost  of  Alternative  2  is  approximately  $469,800.  The  cost  of 
Alternative  2  is  greater  than  Alternative  1  due  to  the  addition  of  the  DPE  system.  It  is 
assumed  that  the  DPE  system  would  be  operated  for  3  years  after  installation.  Annual 
LTM  would  continue  for  a  total  of  5  years  to  build  a  historical  groundwater  and  surface 
water  quality  database,  and  biennial  LTM  would  be  performed  for  at  least  an  additional 
25  years  to  monitor  temporal  changes  in  CAH  concentrations.  Cost  calculations  are 
contained  in  Appendix  F. 

6.5  RECOMMENDED  REMEDIAL  APPROACH 

Two  alternatives  have  been  evaluated  for  remediation  of  the  shallow  groundwater  at 
OU-1.  Components  of  the  alternatives  evaluated  include  groundwater  and  soil  vapor 
extraction,  aboveground  treatment  of  groundwater,  RNA  with  LTM  of  groundwater  and 
surface  water,  and  institutional  controls.  Table  6.5  summarizes  the  results  of  the 
evaluation  based  upon  effectiveness,  implementability,  and  cost  criteria. 
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TABLE  6.4 

ESTIMATED  ALTERNATIVE  2  COSTS 
OUl 

REMEDIATION  BY  NATURAL  ATTENUATION  TS 
ALTUS  AFB,  OKLAHOMA 


Capital  Costs  Present-Worth  Cost 

Design/construct  three  LTM  wells  in  1998  $12,700 

Design/install  1-well  groundwater  extraction  system  in  1998  $15,400 

Design/install  vapor  extraction  system  in  1998  $58,000 

Design/install  groundwater  treatment  system  in  1998  $82,100 


Monitorin2  and  O&M  Costs  Present- Worth  Cost  ^ 


Conduct  annual  monitoring  of  1 1  wells  and  5  surface  water 
stations  from  1998  to  2002 

$83,400 

Conduct  biennial  monitoring  of  1 1  wells  and  5  surface  water 
stations  from  2003  to  2028 

$82,800 

Site  management  (maintain  institutional  controls/public 
education)  (30  years) 

$74,500 

Operate/maintain  DPE  system  (3  years) 

$159,300 

Total  Present  Worth  of  Alternative  2  ^ 

$568,200 

^  Based  on  an  annual  discount  factor  of  7  percent  (USEPA,  1993). 

installation,  LTM,  and  O&M  are  performed  by  local  personnel. 

Costs  assume  that  well 
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TABLE  6.5 

SUMMARY  OF  REMEDIAL  ALTERNATIVES  EVALUATION 
GROUNDWATER  REMEDIATION 
REMEDIATIO  BY  NATURAL  ATTENUATION 
OFFUTT  AFB,  NEBRASKA 
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Alternative  1  makes  maximum  use  of  natural  attenuation  mechanisms  to  reduce  plume 
migration  and  toxicity.  Alternative  2  would  reduce  plume  longevity  and  provide 
additional  protection  against  further  plume  migration,  but  would  still  rely  on  ^A  to 
reduce  plume  toxicity  in  the  downgradient  portions  of  the  affected  area.  Implementation 
of  Alternative  2  would  potentially  decrease  the  time  frame  required  for  remediation,  but 
would  require  greater  capital  and  O&M  expenditures. 

Each  of  the  alternatives  has  long-term  implementability  concerns.  Implementation  of 
either  alternative  may  require  a  very  lengthy  LTM  period,  and  maintenance  of 
institutional  controls  in  the  plume  area  would  be  required.  However,  if  future  LTM 
results  indicate  that  the  plume  is  either  stable  or  receding,  and  that  potential  receptor 
exposure  pathways  will  not  be  completed,  then  the  frequency  of  LTM  sampling  events 
could  be  reduced.  Alternative  2  would  be  the  most  acceptable  to  the  public  and 
regulatory  agencies  because  it  represents  a  more  aggressive  remedial  approach. 

If  groundwater  discharge  to  Stinking  Creek  is  unacceptable  or  if  an  unacceptable  CAH 
concentration  is  observed  to  migrate  beyond  the  Base  boundary,  plume  interception  along 
the  creek  at  the  Base  boundary  via  installation  of  an  air  sparging  curtain  could  reduce  or 
eliminate  further  discharge  to  the  creek  or  off-Base  migration  of  dissolved  CAHs. 
Without  concurrent  source  reduction,  however,  the  interception  system  would  have  to  be 
operated  indefinitely. 

On  the  basis  of  this  evaluation,  implementation  of  Alternative  2  is  recommended.  The 
degree  to  which  RNA  will  prevent  further  downgradient  migration  of  the  CAH  plume  is 
not  known  with  certainty,  but  will  become  more  apparent  as  successive  LTM  sampling 
events  are  performed.  Model  results  suggest  that  state  surface  water  quality  criteria  will 
not  be  exceeded  in  Stinking  Creek  during  the  next  200  years.  In  addition,  the  shallow 
groundwater  at  the  site  is  not  used  as  a  drinking  water  or  irrigation  source.  As  described 
above,  if  LTM  results  demonstrate  that  the  plume  is  stable  or  receding  and  that  potential 
receptor  exposure  pathways  will  not  be  completed  in  the  future,  then  the  frequency  of 
LTM  could  potentially  be  reduced  (e.g.,  to  once  every  5  years). 

Installation  of  an  air  sparging  curtain  at  the  Base  boundary  or  along  Stinking  Creek  is 
not  recommended  at  this  time  because  it  is  not  certain  that  the  contaminant  plume  will 
migrate  beyond  the  Base  boundary  at  concentrations  of  regulatory  concern  or  endanger 
potential  receptors.  If  future  LTM  data  indicate  that  more  significant  amounts  of 
contamination  are  discharging  to  Stinking  Creek  or  that  biodegradation  rates  near  the 
Base  boundary  are  not  sufficient  to  prevent  significant  downgradient  plume  migration,  or 
if  shortening  of  the  LTM  period  is  required,  then  a  plume  containment/interception 
technology  should  be  considered  as  a  contingency. 
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SECTION  7 


LONG-TERM  MONITORING  PLAN 


7.1  OVERVIEW 

In  keeping  with  the  requirements  of  the  preferred  remedial  alternative  for  the  Altus 
AFB  OU-1  site  (Section  6),  a  long-term  groundwater  and  surface  water  monitoring  plan 
was  developed.  The  purpose  of  this  component  of  the  preferred  remedial  alternative  for 
the  site  is  to  assess  site  conditions  over  time  and  the  effectiveness  of  naturally  occurring 
processes  at  reducing  contaminant  mass  and  minimizing  contaminant  migration,  and  to 
evaluate  the  need  for  additional  remediation. 

The  LTM  plan  for  the  site  presented  in  this  section  describes  a  monitoring  scheme  for 
the  next  30  years  for  planning  and  budgeting  purposes.  It  should  be  noted  that  this  plan 
was  devised  on  the  basis  of  currently  available  data;  the  LTM  program  may  be 
progressively  revised  as  new  data  are  obtained  during  this  30-year  period.  The  LTM  plan 
consists  of  identifying  the  locations  of  LTM  wells  and  developing  a  groundwater  and 
surface  water  sampling  and  analysis  strategy  to  accomplish  the  following  objectives; 

•  Monitor  changes  in  site  conditions,  including  plume  magnitude  and  extent,  over 
time; 

•  Evaluate  the  TCE  and  DCE  degradation  rate  and  assess  the  effectiveness  of 
naturally  occurring  processes  at  reducing  contaminant  mass  and  minimizing 
contaminant  migration; 

•  Assess  the  need  for  additional  remedial  action;  and 

•  Verify  the  predictions  of  the  numerical  contaminant  fate  and  transport  model. 

The  strategy  described  in  this  section  is  designed  to  monitor  plume  migration  over 
time  and  to  verify  that  natural  and  engineered  remedial  processes  are  adequately 
protecting  potential  receptors.  In  the  event  that  data  collected  under  this  LTM  program 
indicate  that  naturally  occurring  processes  are  insufficient  to  adequately  protect  human 
health  and  the  environment,  contingency  controls  to  more  aggressively  remediate  the 
dissolved  plume  would  be  necessary. 

7.2  GROUNDWATER  MONITORING  NETWORK  AND  SAMPLING 
FREQUENCY 

Annual  LTM  of  a  minimum  of  1 1  site  monitoring  wells,  including  8  existing  wells,  is 
recommended.  The  existing  wells  include  WL018,  OU-1-03,  OU-1-05,  OU-1-06, 
OOOIUl-MWl,  WL060,  WL061,  and  WL062.  Three  additional  wells  are  proposed  for  the 
locations  shown  on  Figure  7.1.  Well  WL018  is  located  upgradient  from  the  majority  of 
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the  plume;  well  WL060  and  an  additional  proposed  well  are  located  cross-gradient  from 
the  plume;  and  the  remaining  eight  wells  are  located  along  the  primary  plume  flowpath, 
with  four  each  in  the  shallower  and  deeper  zones  of  the  surficial  aquifer.  Performance  of 
annual  sampling  for  5  years  (1998  through  2002)  is  recommended  to  build  a  historical 
water  quality  database  for  the  site.  Following  each  LTM  sampling  event,  an  assessment 
should  be  made  as  to  whether  the  plume  appears  to  be  stable  or  expanding,  and  whether 
installation  of  additional  LTM  wells  further  downgradient  is  required  to  track  plume 
migration. 

Following  completion  of  the  5-year  annual  LTM  period,  biennial  (every  other  year) 
LTM  for  an  additional  25  years  (2003  through  2027)  was  assumed  to  assess  temporal 
changes  in  plume  magnitude  and  extent.  The  actual  duration  and  frequency  of  the 
monitoring  events  will  be  adjusted  based  on  LTM  results. 

Estimates  of  the  groundwater/CAH  migration  rate  and  direction  should  be 
progressively  refined  as  new  wells  are  installed  to  aid  in  plume  definition  and  tracking. 
Estimates  of  the  CAH  decay  rate  also  can  be  refined  as  new  data  are  obtained  to  update 
plume  fate  and  transport  predictions. 

7.3  SURFACE  WATER  MONITORING  NETWORK  AND  SAMPLING 
FREQUENCY 

Annual  sampling  of  a  minimum  of  five  surface  water  stations  during  the  5 -year  annual 
LTM  period  described  above  for  groundwater  is  recommended.  The  five  stations,  located 
along  Stinking  Creek,  are  RVOOl,  RV002,  RV003,  RV004,  and  RV005  (Figure  7.1).  The 
need  for  additional  surface  water  quality  monitoring  following  completion  of  the  5-year 
annual  monitoring  period  should  be  assessed  on  the  basis  of  the  monitoring  results. 
Biennial  monitoring  of  five  surface  water  stations  for  25  years  starting  in  year  2004  was 
assumed  for  costing  purposes. 

7.4  ANALYTICAL  PROTOCOL 

All  LTM  wells  should  be  sampled  and  analyzed  to  determine  compliance  with 
chemical-specific  remediation  goals  and  to  verify  the  effectiveness  of  RNA  at  the  site. 
Groundwater  level  measurements  should  be  made  during  each  sampling  event. 
Groundwater  samples  from  LTM  wells  should  be  analyzed  for  the  parameters  listed  in 
Table  7.1.  Surface  water  samples  should  be  analyzed  for  VOCs  using  USEPA  Method 
8260A. 

7.5  PERIODIC  LTM  PLAN  REVIEW 

The  LTM  plan  should  be  periodically  reviewed  and  revised  as  appropriate  on  the  basis 
of  available  groundwater  quality  data.  For  example,  if  the  sampling  results  obtained 
during  the  25-year  biennial  sampling  period  demonstrate  that  the  plume  is  in  equilibrium 
(not  receding  or  migrating  downgradient)  or  is  receding  toward  the  source  area,  then  the 
sampling  frequency  could  be  reduced  appropriately.  If  the  data  collected  at  any  time 
during  the  monitoring  period  indicate  the  need  for  additional  remedial  activities  at  the 
site,  sampling  frequency  should  be  adjusted  accordingly.  If  sampling  results  indicate  that 
geochemical  conditions  in  the  plume  area  (e.g.,  nitrate,  sulfate,  and  ferrous  iron 
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concentrations)  are  stable  over  time,  then  the  sampling  frequency  for  these  parameters 
could  be  reduced. 
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SECTION  8 

CONCLUSIONS  AND  RECOMMENDATIONS 


This  report  presents  the  results  of  a  TS  conducted  to  evaluate  the  use  of  natural 
attenuation  for  remediation  of  CAH-contaminated  groundwater  in  the  vicinity  of  LF-04  at 
OUl,  Altus  APB,  Oklahoma.  The  finite-difference  models  MODFLOW  and  MT3D— ® 
were  used  in  conjunction  with  site-specific  geologic,  hydrologic,  and  laboratory 
analytical  data  to  simulate  the  migration  and  biodegradation  of  CAHs  dissolved  in 
groundwater.  To  obtain  the  data  necessary  for  the  RNA  demonstration,  soil, 
groundwater,  surface  water,  and  sediment  samples  were  collected  from  the  site  and 
analyzed.  Physical  and  chemical  data  collected  under  this  program  were  supplemented 
(where  necessary)  with  data  collected  during  previous  site  characterization  events  and 
accepted  literature  values.  Additional  data  collected  in  April  1999  were  not  available  for 
analysis  in  this  TS,  but  are  evaluated  in  Appendix  H. 

The  chlorinated  solvent  plume  at  OU-1  exhibits  conditions  of  anaerobic  reductive 
dechlorination,  where  the  primary  source  of  biologically  available  organic  carbon  is 
anthropogenic  fuel  hydrocarbons  (BTEX).  Typical  of  these  conditions  is  a  decrease  in 
concentrations  of  TCE,  an  increase  in  cis-l,2-DCE,  and  eventually  the  accumulation  of 
VC.  Some  of  these  characteristics  are  observed  at  the  OU-1  site.  Much  of  the  TCE  has 
been  effectively  degraded  to  cis-l,2-DCE  by  reductive  dechlorination.  However,  the 
occurrence  of  this  process  is  limited  to  the  general  source  area  and  core  of  the  TCE 
plume.  As  a  result,  the  parent  CAH  (TCE)  still  comprises  the  majority  of  the 
contamination  present  in  groundwater  throughout  most  of  the  plume.  The  lack  of  VC  in 
groundwater  at  OU-1  indicates  that  reductive  dechlorination  is  not  proceeding  past  the 
initial  step  that  involves  the  transformation  of  TCE  to  DCE.  Within  the  source  area,  VC 
would  be  expected  to  accumulate  because  the  anaerobic  degradation  rate  of  VC  is  slow 
relative  to  TCE  and  cis-l,2-DCE.  Because  VC  is  not  observed,  further  reductive 
dechlorination  of  DCE  does  not  appear  to  occur  at  the  site.  The  stability  of  the  cis-1,2- 
DCE  plume  observed  in  April  1999  suggests  that  cis-l,2-DCE  may  degrade  by  aerobic 
oxidation  or  cometabolism  (which  do  not  produce  VC)  further  downgradient  under  more 
aerobic  conditions. 

Additional  data  collected  in  April  1999  indicate  the  TCE  and  cis-l,2-DCE  plumes  are 
stable  with  little  change  in  the  extent  of  TCE  and  cis-l,2-DCE,  although  some  vertical 
expansion  was  observed.  The  contaminant  plume  also  shows  indications  of  less  reducing 
conditions  in  1999  with  an  increase  in  nitrate  concentrations,  an  increase  in  redox 
potential,  and  a  decrease  in  methane  concentrations.  It  is  not  clear  whether  any  of  these 
conditions  are  related  to  a  drop  of  3  to  4  feet  in  groundwater  levels  from  April  1997  to 
April  1999. 
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Site-specific  hydrogeologic  and  laboratory  analytical  data  were  used  in  the  numerical 
groundwater  model  to  simulate  the  effects  of  advection,  dispersion,  sorption,  and 
biodegradation  on  the  fate  and  transport  of  the  dissolved  CAH  plume.  Model  parameters 
that  could  not  be  obtained  from  existing  site  data  were  estimated  using  common  literature 
values  for  aquifer  materials  similar  to  those  found  at  the  site. 

Remedial  Alternative  1  incorporates  natural  attenuation,  but  does  not  include 
engineered  remediation.  The  model  used  to  simulate  this  alternative  incorporates  the 
conservative  assumption  that  contaminant  dissolution  from  mobile  and/or  residual  NAPL 
in  the  source  area  into  groundwater  will  naturally  decrease  at  a  geometric  rate  of  2 
percent  per  year  (each  concentration  was  decreased  by  a  factor  equal  to  2  percent  of  the 
previous  year’s  concentration)  for  the  200  years  of  the  predictive  period.  The  results  of 
this  simulation  suggest  that  it  is  not  likely  that  surface  water  will  be  significantly 
impacted  by  contamination,  but  that  dissolved  CAH  concentrations  substantially  in 
excess  of  5  pg/L  may  persist  in  the  groundwater  for  more  than  200  years. 

The  model  used  to  simulate  remedial  Alternative  2  assumes  that  partial  source 
removal  via  application  of  an  engineered  remedial  technology  such  as  DPE  would 
significantly  reduce  contaminant  dissolution  from  NAPL  within  a  3-year  operational 
period.  Results  of  this  model  indicate  that  source  reduction  would  result  in  a  more  rapid 
decrease  in  dissolved  CAH  concentrations  within  the  plume  relative  to  Alternative  1 .  The 
model  predicts  that  dissolved  CAH  concentrations  in  excess  of  5  pg/L  may  persist  in  the 
groundwater  for  more  than  200  years,  but  that  concentrations  will  begin  to  decrease 
sooner  than  if  no  engineered  remedial  technology  is  used. 

Implementation  of  Alternative  2  (DPE,  RNA,  institutional  controls,  and  LTM)  should 
be  considered,  at  least  in  the  short  term.  The  degree  to  which  RNA  will  prevent  further 
downgradient  migration  of  the  plume  is  not  known  with  certainty,  but  will  become  more 
apparent  as  successive  LTM  sampling  events  are  performed.  In  any  event,  model  results 
suggest  that  surface  water  criteria  and  aquatic  life  standards  will  not  be  exceeded  in 
Stinking  Creek  during  the  next  200  years. 

Observed  BTEX  and  CAH  plume  behavior  in  April  1999  (Appendix  H)  have  not 
exceeded  the  conservative  predictions  made  using  the  numerical  and  analytical  models 
developed  in  this  TS  report.  To  assess  the  effectiveness  of  naturally  occurring  processes 
at  reducing  contaminant  mass  and  minimizing  contaminant  migration,  groundwater  from 
a  minimum  of  eight  existing  and  three  proposed  monitoring  wells  should  continue  to  be 
sampled  annually  for  5  years  to  build  a  historical  groundwater  quality  database  for  the 
site.  A  minimum  of  five  surface  water  stations  also  should  be  sampled  aimually  during 
this  5-year  period.  Following  completion  of  the  5-year  annual  LTM  period,  the  LTM 
program  should  be  reassessed.  If  the  annual  sampling  results  indicate  that  temporal 
changes  in  plume  magnitude  and  extent  could  be  adequately  monitored  by  less-frequent 
sampling  events,  then  the  frequency  of  LTM  could  be  reduced  appropriately.  The 
number  and  location  of  wells  and  surface  water  stations  selected  for  continued  monitoring 
should  be  determined  on  the  basis  of  results  from  the  initial,  5-year  LTM  period. 

The  LTM  plan  should  be  periodically  reviewed  and  revised  as  appropriate  on  the  basis 
of  available  groundwater  quality  data.  For  example,  if  sampling  results  demonstrate  that 
the  plume  is  in  equilibrium  or  is  receding  toward  the  source  area,  then  the  sampling 
frequency  could  be  reduced  appropriately.  If  the  data  collected  at  any  time  during  the 
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monitoring  period  indicate  the  need  for  additional  remedial  activities  at  the  site,  sampling 
frequency  should  be  adjusted  accordingly  and  the  appropriate  remedial  actions  (e.g., 
plume  containment  along  Stinking  Creek  and/or  at  the  Base  boundary)  should  be 
implemented. 
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Figure  2.2.2. 1  Geologic  map, of  Altus  Air  Force  Base  and  vicinity. 
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Figure  4.1 .4.3.2.-Concentration  of  selected  Inorganic  constituents  In  the 

surface  waters  and  shallow  ground  water  at  Site  04  July 
1989.  Concentrations  are  in  mg/L 
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Figure  4.1.4.3.4.-Concentration  of  target  organic  compounds  in  the  shallow 

ground  water  at  Site  04,  February  1 991 .  Concentrations 
are  In  ug/L 


BASE  BOUNDARY 


DATA  FROM  USAGE,  1992 


Ot-n-butyl  phthaltte 


Table  1  -  SiunLiary  of  Soil  Analytical  Results 


COE  (1) 
Sample  No, 


POL 

TANK  SL 
LF 


VOA 

ug/Kg 


1,2  Di- 
chloro- 
ethene  - 
29.4 


Metals 

mg/Kg 


TRPH 

mg/Kg 


TCLP 

mg/L 


ND 

Ba-  537 

Cr-  27.1 
Pb-  32.2 

24 

NT 

Di-n-butyl 

phthalate 

1500 

Ba-  248 
cr-  34.1 
Pb-  42.7 

400 

Ba-0.3 

Di-n-butyl 

phthalate 

1400 

Ba-  194 

Cr-  28.6 
Pb-  32.9 

190 

Ba— 0  •  8 

ND 

Ba-  123 

Cr-  29.7 
Pb-  20.6 

ND 

NT 

(2) 

Ba-  145 
cr-  29.5 
Pb-  18.0 

1200 

NT 

ND 

Ba-  325 
cr-  26.5 
Pb-  17.0 

ND 

NT 

NT 

Ba-  283 

Cr-  34.7 
Pb-22.2 

ND 

Ba-1.1 

NT 

Ba-  164 
Cr-  29.8 
Pb-  29.6 

ND 

NT 

ND 

Ba-  183 

Cr-  39.4 
Pb-  25.8 

ND 

Ba-0 . 4 
Pb-.03 

ND 

Ba-  80.3 
Cr-  19.2 
Pb-  11.9 
Hg-  0.21 

ND 

Ba-1.9 

Notes : 

1.  The  COE  Sample  No.  is  the  IRP  site  number,  as  listed  on  Figure  1,  and  the 
trench  the  sample  was  taken  from. 

2.  Sample  11-8  SVGA  (ug/Kg)  results:  Acenaphthene-  1030,  Fluorene-  1010, 
Phenanthrene-  11200,  Anthracene-  2360,  Fluoranthene-  14700,  Pyrene-  11800, 
Ben20( a) anthracene-  5520,  Ben20(b) Fluoranthene-  5630,  Benzo{k) Fluoranthene- 
2150,  Benzo{ a) pyrene-  4230,  Indeno (1, 2, 3-cd) pyrene-  1650, 

Benzo(g,h, i)perylene-  1650,  Chrysene-  5810. 

3.  ND=Not  Detected,  NT=Not  Tested,  VOA=Volatile  Organics,  SVOA=Semivolatile 
Organics,  TRPH-Total  Recoverable  Petroleum  Hydrocarbons,  TCLP=Toxicity 
Characteristic  Leaching  Procedure. 
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DATA  FROM  TARGET,  1993 


TABLE  3 


TARGET  Project  DALT2 


ANALYTE  CONCENTRATIONS  IN  HEADSPACE  OF  GROUND  WATER 

VIA  GC/FID  (pg/I) 


ETHYL-  TOTAL  FID 


SAMPLE 

DEPTH  (FT.) 

BENZENE 

TOLUENE 

BENZENE 

XYLENES 

VOLATILES* 

REPORTING 

1.0 

1.0 

1,0 

1.0 

10 

DC-1-W 

12 

<1.0 

<1.0 

<1.0 

<1.0 

<10 

DC-3-W 

13 

<1.0 

<1.0 

<1.0 

<1.0 

<10 

DC-5-W 

15 

<1.0 

<1.0 

<1.0 

<1.0 

<10 

DC-9-W 

13 

<1.0 

<1.0 

<1.0 

<1.0 

<10 

DC-10-W 

16 

<1.0 

<1.0 

<1.0 

<1.0 

<10 

DC-11-W 

24 

<1.0 

<1.0 

<1.0 

<1.0 

<10 

DC-13-W 

18 

<1.0 

<1.0 

<1.0 

<1.0 

<10 

DC-15-W 

15 

<1.0 

<1.0 

<1.0 

<1.0 

<10 

DC-18-W 

18 

<1.0 

<1.0 

<1.0 

<1.0 

<10 

DC-20-W 

18 

<1.0 

<1.0 

<1.0 

<1.0 

<10 

DC.22-W 

13 

<1.0 

<1.0 

<1.0 

<1.0 

<10 

DC-24-W 

14 

<1.0 

<1.0 

<1.0 

<1.0 

<10 

DC-28-W 

6 

<1.0 

<1.0 

<1.0 

<1.0 

<10 

DC-30-W 

15 

<1.0 

<1.0 

<1.0 

<1.0 

<10 

DC-32-W 

12 

<1.0 

<1.0 

<1.0 

<1.0 

<10 

DC-34-W 

13 

<1.0 

<1.0 

<1.0 

<1.0 

<10 

DC-35-W 

12 

<1.0 

<1.0 

<1.0 

<1.0 

<10 

DC-36-W 

14 

<1.0 

<1.0 

<1.0 

<1.0 

<10 

DC-56-W 

18 

<1.0 

<1.0 

<1.0 

<1.0 

100 

DC-57-W 

12 

<1.0 

<1.0 

<1.0 

<1.0 

68 

DC-58-W 

12 

<1.0 

<1.0 

<1.0 

<1.0 

162 

DC-59-W 

15 

<1.0 

<1.0 

<1.0 

<1.0 

33 

DC-60-W 

15 

<1.0 

<1.0 

<1.0 

<1.0 

16 

DC-61 -W 

15 

<1.0 

<1.0 

<1.0 

<1.0 

<10 

DC-62-W 

13 

<1.0 

<1.0 

<1.0 

<1.0 

<10 

DC-63-W 

15 

<1.0 

<1.0 

<1.0 

<1.0 

<10 

DC-64-W 

18 

<1.0 

<1.0 

<1.0 

<1.0 

25 

DC-78-W 

17 

<1.0 

<1.0 

<1.0 

<1.0 

<10 

DC-79-W 

13 

<1.0 

<1.0 

<1.0 

<1.0 

<10 

DC-80-W 

12 

<1.0 

<1.0 

<1.0 

<1.0 

38 

DC-81 -W 

12 

<1.0 

<1.0 

<1.0 

<1.0 

24 

DC-83-W 

12 

<1.0 

<1.0 

<1.0 

<1.0 

32 

DC-84-W 

18 

<1.0 

<1.0 

<1.0 

<1.0 

12 

DC-85-W 

18 

<1.0 

<1.0 

<1.0 

<1.0 

11 
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TARGET  Project  DALT2 


TABLE  3  (CONT.t 


ANALYTE  CONCENTRATIONS  IN  HEADSPACE  OF  GROUND  WATER 

VIA  GC/FID  (pg/l) 


SAMPLE 

REPORTING 


DEPTH  (FT.) 


BENZENE 

1.0 


TOLUENE 


ETHYL- 

BENZENE 

1.0 


TOTAL  FID 
XYLENES  VOLATILES* 
W  10^ 


DC-86-W 

DC-87-W 

DC-88-W 

DC-89-W 

2-1 0-W 

2-38-W 
2-52-W 
2-54-W 
2-57-W 

2-58-W 

2- 70-W 

3- W-3 

3- 39-W 

04-1 -W 
04-2-W 
04-3-W 

4- 5-W 

4-6-W 

4-65-W 

4-66-W 

4-67-W 

4-68-W 

4-69-W 

4-70-W 

4-72-W 

4-73-W 

4.74-W 

4-75-W 

4-76-W 

4-77-W 

4-92-W 

4-93-W 

4-94-W 


18 

<1.0 

<1.0 

18 

<1.0 

<1.0 

18 

<1.0 

<1.0 

18 

<1.0 

<1.0 

18 

<1.0 

<1.0 

21 

<1.0 

<1.0 

16 

<1.0 

<1.0 

16 

<1.0 

<1.0 

15 

<1.0 

<1.0 

21 

<1.0 

<1.0 

15 

<1.0 

<1.0 

12 

<1.0 

<1.0 

18 

<1.0 

<1.0 

18 

<1.0 

<1.0 

15 

<1.0 

<1.0 

16 

<1.0 

<1.0 

13  . 

<1.0 

<1.0 

13 

<1.0 

<1.0 

20 

<1.0 

<1.0 

18 

<1.0 

<1.0 

15 

<1.0 

<1.0 

19 

<1.0 

<1.0 

15 

<1.0 

<1.0 

17 

<1.0 

<1.0 

18 

<1.0 

<1.0 

17 

<1.0 

<1.0 

20 

<1.0 

<1.0 

15 

<1.0 

<1.0 

19 

<1.0 

<1.0 

18 

<1.0 

<1.0 

16 

<1.0 

<1.0 

16 

<1.0 

<1.0 

21 

<1.0 

<1.0 

<1.0 

<1.0 

<10 

<1.0 

<1.0 

<10 

<1.0 

<1.0 

<10 

<1.0 

<1.0 

<10 

<1.0 

<1.0 

20 

<1.0 

<1.0 

<10 

<1.0 

<1.0 

53 

<1.0 

<1.0 

<10 

<1.0 

<1.0 

<10 

<1.0 

<1.0 

11 

<1.0 

<1.0 

17 

<1.0 

<1.0 

56 

<1.0 

<1.0 

24 

<1.0 

<1.0 

<10 

<1.0 

<1.0 

<10 

<1.0 

<1.0 

<10 

<1.0 

<1.0 

351 

<1.0 

<1.0 

54 

<1.0 

<1.0 

98 

<1.0 

<1.0 

61 

<1.0 

<1.0 

<10 

<1.0 

<1.0 

<10 

<1.0 

<1.0 

<10 

<1.0 

<1.0 

39 

<1.0 

<1.0 

<10 

<1.0 

<1.0 

<10 

<1.0 

<1.0 

21 

<1.0 

<1.0 

<10 

<1.0 

<1.0 

<10 

<1.0 

<1.0 

<10 

<1.0 

<1.0 

<10 

<1.0 

<1.0 

<10 

<1.0 

A 

<10 
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TARGET  Project  DALT2 


TABLE  4  tCONT.^ 


ANALYTE  CONG^TRATIONS  IN  HEADSPACE  OF  GROUND  WATER  VIA  GC/ECD  (pg/l) 


7 

SAMPLE 

'I 

iicx:e 

CH2CI2 

t12bcE 

11DCA 

'p 

C12DCE 

CHC13 

111TCA 

CCM 

TCE 

112TCA 

PCE 

1  J 

REPORTING 

LIMIT 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

|i 

DC-84-W 

<1.0 

<1.0 

<1.0 

<1.0 

1.3 

<1.0 

<1.0 

<1.0 

24 

<1.0 

<1.0 

1  _ 

DC-85-W 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

20 

<1.0 

<1.0 

DC-86-W 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

7.2 

<1.0 

<1.0 

i‘« 

DC-87-W 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

9.0 

<1.0 

<1.0 

l_ 

DC-88-W 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

9.4 

<1.0 

<1.0 

If 

DC-89-W 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

11 

<1.0 

<1.0 

— 

2-1 0-W 

1.2 

<1.0 

6.2 

<1.0 

3.8 

<1.0 

<1.0 

<1.0 

17 

<1.0 

2.9 

]V 

2-38-W 

3.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

1.9 

<1.0 

<1.0 

2-52-W 

<1.0 

50 

301 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

14 

<1.0 

5.4 

' 

2-54-W 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

'  c 

2-57-W 

<1.0 

<1.0 

<1.0 

<1.0 

1.9 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

i: 

2-58-W 

93 

10 

49 

<1.0 

1.7 

<1.0 

<1.0 

<1.0 

10 

<1.0 

1.4 

'3.70-W 

37  > 

<1.0 

<1.0 

<1.0 

2.1 

<1.0 

<1.0 

<1.0 

28 

<1.0 

9.4 

3-W-3 

<1.0 

<1.0 

6.0 

<1.0 

181 

<1.0 

<1.0 

<1.0 

34 

<1.0 

<1.0 

<1.0 

<1.0 

1.6 

<1.0 

48 

<1.0 

<1.0 

<1.0 

4.7 

<1.0 

<1.0 

ctKw 

<1.0 

<1.0 

<1.0 

<1.0 

3.7 

<1.0 

<1.0 

<1.0 

1.8 

<1.0 

<1.0 

04-2-W 

<1.0 

<1.0 

<1.0 

<1.0 

4.5 

<1.0 

<1.0 

<1.0 

2.7 

<1.0 

<1.0 

1*' 

04-3-W 

<1.0 

<1.0 

<1.0 

<1.0 

2.4 

<1.0 

<1.0 

<1.0 

8.6 

<1.0 

<1.0 

4-5-W 

<1.0 

<1.0 

18 

<1.0 

168 

<1.0 

<1.0 

<1.0 

1,086 

<1.0 

<1.0 

1. . 

4-6-W 

<1.0 

<1.0 

36 

<1.0 

85 

<1.0 

<1.0 

<1.0 

115 

<1.0 

<1.0 

4-65-W 

<1.0 

<1.0 

19 

<1.0 

46 

<1.0 

<1.0 

<1.0 

112 

<1.0 

<1.0 

4-66-W 

<1.0 

<1.0 

3.4 

<1.0 

14 

<1.0 

<1.0 

<1.0 

77 

<1.0 

<1.0 

4-67-W 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

2.7 

<1.0 

<1.0 

4-68-W 

•  <1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

L 

4-69-W 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

f 

4-70-W 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

51 

<1.0 

<1.0 

4-72-W 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

12 

<1.0 

<1.0 

4-73-W 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

4-74-W 

<1.0 

<1.0 

<1.0 

<1.0 

1.3 

<1.0 

<1.0 

<1.0 

28 

<1.0 

<1.0 

4-75-W 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

11DCE  »  1,1-dlcftk)roett)ene 
1 1DCA  *  1,  l^dlchlomethane 
111TCA  ■  1,1,1-trichlofr»(han0 
112TCA  ^  1,1,2~trichloroethane 


CH2CI2  »  methyhne  chkxlde 
C120CE  »  clS‘1,2-<ik:hforoethene 
CCt4  a  carton  tetrachkxide 
PCE  a  tetrachlofoethene 


ft2£X:5  a  trans-1,2-dichloroethene 
CHCa  »  chioroform 
TCB  a  trichfofoethene 


TABLE  1 


TARGET  Project  DALT2 


ANALYTE  CONCENTRATIONS  IN  SOIL  GAS 
VIA  GC/FID  (pg/l) 


ETHYL-  TOTAL  FID 


SAMPLE 

DEPTH  (FT.) 

BENZENE 

TOLUENE 

BENZENE 

XYLENES 

VOLATILES* 

REPORTING 

1.0 

1.0 

1.0 

1.0 

10 

LIMIT 

DC-1 

9 

<1.0 

<1.0 

<1.0 

<1.0 

<10 

DC-1 -5' 

5 

<1.0 

<1.0 

<1.0 

<1.0 

<10 

DC-2 

9 

<1.0 

<1.0 

<1.0 

<1.0 

<10 

DC-3 

6 

<1.0 

<1.0 

<1.0 

<1.0 

<10 

DC-4 

6 

<1.0 

<1.0 

<1.0 

<1.0 

<10 

DC-5 

6 

<1.0 

<1.0 

<1.0 

<1.0 

<10 

DC-6 

6 

<1.0 

<1.0 

<1.0 

<1.0 

<10 

DC-7 

12 

<1.0 

<1.0 

<1.0 

<1.0 

<10 

DC-8 

6 

<1.0 

<1.0 

<1.0 

<1.0 

<10 

DC-9 

6 

<1.0 

<1.0 

<1.0 

<1.0 

<10 

DC-10 

17 

<1.0 

2.5 

1.1 

5.1 

10 

DC-11 

18 

<1.0 

<1.0 

<1.0 

1.0 

<10 

DC-12 

18 

<1.0 

<1.0 

<1.0 

<1.0 

<10 

DC-13 

18 

<1.0 

<1.0 

<1.0 

<1.0 

<10 

DC-14 

15 

<1.0 

<1.0 

<1.0 

1.3 

<10 

DC-15 

15 

<1.0 

<1.0 

<1.0 

<1.0 

<10 

DC-16 

15 

<1.0 

<1.0 

<1.0 

<1.0 

<10 

DC-17 

15 

<1.0 

<1.0 

<1.0 

<1.0 

<10 

DC-27 

6 

<1.0 

<1.0 

<1.0 

<1.0 

<10 

DC-28 

6 

<1.0 

<1.0 

<1.0 

<1.0 

<10 

2-1 

5 

<1.0 

<1.0 

<1.0 

<1.0 

<10 

2-2 

5 

<1.0 

<1.0 

<1.0 

<1.0 

125 

2-3 

5 

<1.0 

<1.0 

<1.0 

<1.0 

<10 

2-4 

5 

<1.0 

<1.0 

<1.0 

<1.0 

<10 

2-5 

5 

108 

320 

143 

153 

31,150 

2-6 

5 

<1.0 

<1.0 

<1.0 

<1.0 

<10 

2-7 

5 

<1.0 

<1.0 

<1.0 

<1.0 

<10 

2-8 

5 

<1.0 

15 

1.1 

<1.0 

1,127 

2-9 

8 

<1.0 

<1.0 

<1.0 

<1.0 

<10 

2-10 

5 

<1.0 

<1.0 

<1.0 

<1.0 

<10 

2-11 

5 

<1.0 

<1.0 

<1.0 

<1.0 

<10 

2-12 

8 

<1.0 

<1.0 

<1.0 

<1.0 

<10 

2-13 

5 

<1.0 

<1.0 

<1.0 

<1.0 

<10 

2-14 

5 

<1.0 

<1.0 

<1.0 

<1.0 

<10 
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TARGET  Project  DALT2 


TABLE  2 


ANALYTE  CONCENTRATIONS  IN  SOIL  GAS  VIA  GC/ECD  (pg/l) 


SAMPLE 

REPORTING 

LIMIT 

DC-1 
DC-1 -5* 
DC-2 
DC-3 
DC-4 


11DCE  CH2CI2  t12DCE  11DCA  c12DCE  CHCI3  111TCA 

To  i^o  Lo  ilo  ix  10  10 


TCE  112TCA 
1.0  1.0 


DC-10 

DC-11 

DC-12 

P'^'-IS 

14 


<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

7.7 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

DC-27 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

DC-28 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

2-1 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

2-2 

<1.0 

<1.0 

5.6 

<1.0 

46 

<1.0 

2-3 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

2-4 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

2-5 

25 

<1.0 

279 

<1.0 

981 

3.9 

2-6 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

2-7 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

2-8 

5.3 

<1.0 

135 

<1.0 

124 

<1.0 

2-9 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

2-10 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

1.2 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

9.0 

<1.0 

<1.0 

<1.0 

342 

<1.0 

<1.0 

<1.0 

8.1 

<1.0 

<1.0 

<1.0 

4.9 

<1.0 

<1.0 

<1.0 

22.980 

<1.0 

14 

<1.0 

5.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

918 

<1.0 

1.2 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

<1.0 

11DCE  “  1,1-dichlomelhena 
11DCA  «  1,1-dichlomelltane 
111TCA  *  1.1,1-trichloroethane 
112TCA  »  1,1,2-tiichlomethan« 


CH2C/2  »  methylene  chloride  ■ 
c12DC£  =  cls-1,2-dlchloroethene 
CCI4  »  carton  tetrxhkxlde 
PCE  *  letrachlotoelhene  . 


tl2DCE  «  trans-1,2-dlchloioethene 
CHCa  »  chlorofomn 
TCE  =  triclUorrxthene 


M-tOI-t !' 


DATA  FROM  USGS,  1996 


Figure  1-2rLocatlon  map  of  Altus  AFB,  Oklahoma. 
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COMANCHE 


Base  froin  U.S.  Army  Corps  of  Engineers  Intergraph  map,  1986  Modfied  from  O.F.  Bailey  and  R.D.  Graft,  1961 

Prepared  by  D.L  Runkle  and  J.R.  Cederstrand,  USGS.  1995 


Figure  2-4. — Soil  map  for  Altus  AFB,  Oklahoma. 
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Table  4.4  Laboratoiy  analytical  results  for  zoajor  and  trace  elements  in  an  unfiltered  surface- 
water  saniple  from  Sdnldng  Creek  at  Abus  AFB,  Oklahoma 
[Column  heading  for  samples  lists  streanv-sampling  identification,  sample  dale,  and 
field  sample  number.  Analytical  method  SW6010  fipom  U.S.  Environmental  Protection 
Agency,  1986;  mg/L,  milligrams  per  liter] 


RV003 

Maximum  08/30^93^  ^ 


Constituent 

Method 

Units 

mtifnmmanf 

kvel‘ 

4010430622 

Minimum  Concentration 

repordng 

limit 

Ahuninuzn 

SW6010 

mg/L 

o.os-o.i' 

0.20 

2.1 

CiJcium 

SW6010 

mg/L 

— 

5.0 

184 

Iron 

SW6010 

mg/L 

0.3’ 

0.040 

2.0 

Magnesium 

SW6010 

mg/L 

— 

5.0 

76.4 

Manganese 

SW6010 

mg/L 

0.05* 

0.010 

0.053 

Potassium 

SW6010 

mg/L 

5.0 

7.6 

Sodium 

SW6010 

mg/L 

— 

5.0 

233 

Zinc 

SW6010 

me/L 

5" 

0.010 

0.016 

‘  The  maximum  pemiissible  level  of  contaminant  in  water  that  is  delivered  to  any  user  of  a 


public  water  supply. 

^  The  secondary  maximum  contaminant  levels  permissible  in  water  delivered  to  any  public  water 
supply.  Current  as  of  June  1994. 


4.1. 1.2.2  Bottom-sediment  analysis  of  Stinking  Creek  near  the  eastern  Base 
boundary 

A  bottom-sediment  sample  from  Stinking  Creek,  RV003,  (plate  1)  was  collected  August  30,  1994, 
and  analyzed  for  VCX^s,  sVOCs,  major  dements,  trace  elements,  and  percent  soil  moisture.  Only 
laboratory  analytical  results  for  chemical  constituents  detected  at  concentrations  greater  than  the 
reporting  limits  are  presented  in  table  4.5.  The  sediment  results  in  this  table  are  based  on  dry 
weight.  VOCs,  sVOCs,  antimony,  cadmium,  cobalt,  mercury,  molybdenum,  selenium,  silver, 
or  thallium  were  not  detected  in  the  bottom-sediment  sample. 
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Hole  16  11/16/92 


Table  4.10.  Laboratory  analytical  results  for  VOCs  in  ground-water  samples  from  boreholes  in  LF-04,  Operable  Unit  01,  Altus  AFB, 
Oklahoma-Continued 


The  mwimum  pennisiible  level  of  contaminant  in  water  delivered  to  any  uaer  of  a  public  water  supply.  Current  as  of  Juno  1994. 
Dual  numben  arc  the  respective  levels  of  the  cis/Urans  isomera  of  1  »2-dichorocthcnc. 


Tabto  4A5.  Laboratory  anal>1ical  rosulU  for  VOCs  in  ground-water  samples  from  monitoring  wells  in  Operable  Unit  01,  Altus  AFB,  Oklahoma-Continued 
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Water-level  measurements  in  monitoring  wells  at  Altus  AFB  from 
September  1 992  to  April  1 994 — Continued 


Well  name  and  location 

Water-level 

measurement 

date 

Water-level 

measurement 

time 

Water-level  In 
feet  below  land 
surface 

09-16-1993 

1005 

6.62 

WL019.  LF-04 

09-16-1992 

1620 

4.97 

10-29-1992 

1407 

5.66 

12-01-1992 

1031  . 

3.36 

12-16-1992 

— 

2.02 

01-27-1993 

0800 

2.92 

02-26-1993 

0945 

2.95 

03-30-1993 

1612 

2.11 

09-13-1993 

1245 

9.46 

09-16-1993 

1110 

9.60 

WL020.  LF-04 

09-16-1992 

1625 

9.81 

10-29-1992 

1415 

11.09 

12-1&-1992 

— 

6.87 

01-27-1993 

0750 

7.57 

02-2&-1993 

0950 

7.56 

03-30-1993 

1620 

7.18 

09-02-1993 

1055 

11.93 

09-16-1993 

1120 

12.57 

WL021,  LF-04 

09-16-1992 

1615 

2.72 

10-29-1992 

1424 

3.30 

12-01-1992 

1021 

1.43 

12-16-1992 

— 

.69 

01-27-1993 

0810 

1.24 

02-26-1993 

0940 

1.23 

03.30-1993 

1605 

.64 

09-13-1993 

1230 

2.47 

09-16-1993 

1100 

7J6 

WL022,  LF-04 

09-16-1992 

1610 

2.42 

10-29-1992 

1431 

2.98 

12-01-1992 

1011 

1.10 

12-16-1992 

— 

.20 

01-27-1993 

0815 

.61 

02-26-1993 

0935 

J8 

03-30-1993 

1515 

.22 

09-02-1993 

1430 

5.48 

09-16-1993 

1020 

5.51 

WL023,LF-09 

09-16-1992 

1450 

4.70 

10-29-1992 

1538 

7.76 

12-01-1992 

— 

4.82 

12-16-1992 

— 

3.19 

01-27-1993 

No  water-level  meausured. 
Well  desloyed 
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DATA  FROM  USAGE,  1996 


CPT  based  SOIL 
CLASSIFICATION 


(Taaj)  u^dao 


(Taai)  M;daa 


Project:  Altus  AFB 

STATE  COORDINATES: 

EASTING  (ft.)  NORTHING  (ft .)  ELEVATION  (ft.) 


CPT  based  SOIL 
CLASSIFICATION 


Oaa^)  q^dao 


CPT  based  SOIL 
CLASSIFICATION 


CPT:  fl07 
STATE  COORDINATES: 

easting  (ft.)  NORTHING  (ft .)  ELEVATION  (ft. 


CPT  based  SOIL 
CLASSIFICATION 


STATE  COORDINATES; 

EASTING  (ft.)  NORTHING  (ft .)  ELEVATION  (ft. 


CPT  based  SOIL 
CLASSIFICATION 


033J)  M5d3a 


s 


STATE  COORDINATES; 

EASTING(ft.)  NORTHING  (ft.)  ELEVATION  (ft. 


(:jaai)  ytjdaa 


/ 


t 


( 


>N 


CL 


CD 

Li_ 

< 

to 

D 

4J 
r— 1 
< 


a 

(U 


o 

c 

CL 


M^iCJSQ 


CPT:  R22 
STATE  COORDINATES: 

EASTING  (ft.)  NORTHING  (ft.)  ELEVATION  (ft. 


CPT  based  SOIL 
CLASSIFICATION 


CPT:  R24  Project:  Altus  AFB 

STATE  COORDINATES: 

EASTING  (ft.)  NORTHING  (ft.)  ELEVATION  (ft.) 


CPT  based  SOIL 
CLASSIFICATION 


Oaaj)  q^daa 


>> 


oc 


(:(aai)  UTdaa 


CPT:  R28  Project:  Altus  AFB 

STATE  COORDINATES: 

EASTING  (ft.)  NORTHING  (ft  .)  ELEVATION  (ft.) 


CPT  based  SOIL 
CLASSIFICATION 


Oaa/)  q:jdaa 


CPT:  R42  Project:  Altus  AFB 

STATE  COORDINATES: 

EASTING  (ft.)  NORTHING  (ft .)  ELEVATION  (ft.) 


CPT  based  SOIL 
CLASSIFICATION 


CPT:  BAA 

STATE  COORDINATES: 

EASTING  (ft.)  NORTHING  (ft  .)  ELEVATION  (ft. 


CPT  based  SOIL 
CLASSIFICATION 


(Taa^)  MTdao 


CPT:  R37  Project:  Altus  AFB 

STATE  COORDINATES: 

EASTING  (ft.)  NORTHING  (ft .)  ELEVATION  (ft.) 


CPT  based  SOIL 
CLASSIFICATION 


CPT:  R39 
STATE  COORDINATES: 

EASTING  (ft.)  NORTHING  (ft .)  ELEVATION  (ft. 


jn^xtw  PUBS 

ijn:>xiH 

sAbio’ 
^  ^ST^BSd'" 


a 


APPENDIX  B 

GEOLOGIC  LOGS;  MONITORING  POINTAVELL 
INSTALLATION,  DEVELOPMENT,  AND  SAMPLING  RECORDS; 
SURVEY  DATA;  AND  SLUG  TEST  ANALYSIS  RESULTS 
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MONITORING  POINT  INSTALLATION  RECORD 

JOB  NAME  Oil-  1 _ MONITORING  POINT  NUMBER 

JOB  NUMBER  1'2.2H%\'3bOZO  INSTALLATION  DATE  LpJ.^ - LOCATION  - 

TUM  elevation  _ — _ _ _ GROUND  SURFACE  ELEVATION  - - 

K-  I  FOR  WATER  LEVEL  MEASUREMENT  TOC  ,  - - ^ 

N  DIAMETER  Sc  MATERIAL  2''XD  Sck^cULC-MOT^yGi. - SLOT  SIZE 

DIAMETER  Sa  MATFRIAI  2"XT)  —  BOREHOLE  DIAMETER  _ — T;  C? 


N  DIAMETER  Sc  MATERIAL 
DIAMETER  Sc  MATERIAL 


Bcrmu  MeHrcd;  fid  low!  S\-tm  AvAt<r 
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POINT;  3Q.~7' 
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BOREHOLE;  ^7^:= - 
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FIGURE  3.4 


STA8IUZE0  WATER  LEVEL 
BELOW  DATUM. 


1A5 


TOTAL  MONITORING  POINT  DEPTH 
BELOW  DATUM. 

GROUND  SURFACE  _ 


3or{ 


MONITORING  POINT 
INSTALLATION  RECORD 
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Altus  AF8,  Oklahoma  _ 
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JOB  NUMBER  122^50,  BiiO'Z.O  INSTALLATION  DATE  LOCATION _ 

OATUM  ELEVATION  _ GROUND  SURFACE  ELEVATION _ 

DATUM  FOR  WATER  LEVEL  MEASUREMENT  T'OC. _ 
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TOTAL  MONITORING  POINT  DEPTH 
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INSTALLATION  RECORD 
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MONITORING  POINT  INSTALI  ATIQN  RECORD 

JOB  NAME  01L~  I  MONITORINr.  point  number - 

JOB  NUMBER  T22^50^  3(002.0  INSTALLATION  DATE  - LOCATION - 

)ATUM  ELEVATION  _ _ GROUND  SURFACE  ELEVATION - 

FOR  WATER  LEVEL  MEASUREMENT  - 
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STABIUZED  WATER  LEVEL  _liAL! 
BELOW  DATUM. 

TOTAL  MONITORING  POINT  DEPTH 
BELOW  DATUM. 

GROUND  SURFACE  _ 


MONITORING  POINT 
INSTALLATION  RECORD 
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MONITORING  POINT  INSTAM  ATIQN  RECORD 
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JOB  NUMBER  1^2^50.  54)02.0 _ INSTALLATION  DATE  4-/l6/Q*1 - LOCATION  - 
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DATUM  FOR  WATER  LEVEL  MEASUREMENT  -/"TOC _ _ _ _ _ 

SCREEN  DIAMETER  &:  MATERIAL  ^0  SckeCliLMO  T^VO - SLOT  SIZE  CiQlQ - 

RISER  DIAMETER  &  MATERIAL  6clfUflu£g.4)  ^CfiORPHOLE  DIAMETER  ^"0T> - 

DTi-HlOCl Oecprcbe  (WdEtirrel  ES  REPRESENTATIVE  brxUjTte-rrLl' 


FIGURE  3.4 


STABIUZED  WATER  LEVEL  ^'*1^  FEET 
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TOTAL  MONITORING  POINT  DEPTH  FEET 
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GROUND  SURFACE _  FEET 


MONITORING  POINT 
INSTALLATION  RECORD 

OUT 
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Icnnn metUcd ■.  Gecprcbt  Cm  lkrrt.\  K  REPWSENTATivfTiOk.Mge 


FIGURE  3.4 
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n 


LOCATION 


’DATUM  FOR  WATER  LEVEL  MEASUREMENT  T^C 
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RISER  DIAMETER  ic  MATERIAL  Sckldldk^  PvC^  BOREHOLE  DIAMETER  — - 
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ATUM  ELEVATION _ _ _ _  _ GROUND  SURFACE  ELEVATION - 

DATUM  FOR  WATER  LEVEL  MEASUREMENT  - LQC> - - - - — - 

SCREEN  DIAMETER  &  MATERIAL  P^C - SLOT  SIZE  ^^0>O\O - 
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rUM  FOR  WATER  LEVEL  MEASUREMENT 


"Toe 
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-'Qc'ruio  MiTivcd;  Geop^obe  (go  cere  bc^crel)  es  representative  UM^lTOri 
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\dR 
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n A/ieTho:! i  Qiccprok  (ao  core  W^rc\')  ES  representative 


(NOT  TO  SCALE) 
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'TOC 


GROUND  SURFACE  ELEVATION 
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BELOW  DATUM. 

GROUND  SURFACE -  FEET 


I 


monitoring  point  INSTAI  I  ATION  RECORD 

A /APB  OU'I  monitoring  point  number  .. 

>0.  installation  date  - LOCATION  - ^ - 

_ _ GROUND  surface  ELEVATION - 


JOB  NAME  - -  muinii 

I  JOB  NUMBER  ^U>OZO  INSTALLATION  DATE  _4/i 

i  JUM  ELEVATION - 

fltiEN  DIAMETER  &  MATERIAL  * /Z- ^  ‘bcWcLu^  jc  p_^ 
DIAMETER  A:  MATERIAL  A"  X1> 


'^C<'IA^lD1d'iAcd  : 


_ SLOT  SIZE  ^  0;.0l.( 

BOREHOLE  DIAMETER - — 

ES  REPRESENTATIVE  NO^ 


GROUND  SURFACE- 


CONCRETE 


-VENTED  CAP 
-COVER 


THREADED  COUPLING 


SOUD  RISER 


UENGTH  OF  SpUD 
RISER:  JM- - 


TOTAL  DEPTH 
OF  MONITORING 
POINT:  W-O^L 


SCREEN 


UENGTH  OF  i 
SCREEN: 

SCREEN  SLOT 
SIZE:  0-.QC - 

‘  LENGTH  OF  BACKFILLED 
BOREHOLE:  - 

,  BACKFILLED  WITH:  JH- 


(NOT  TO  SCALE) 


FIGURE  3.4 


10.60 


STABIUZED  WATER  LEVEL  -  -  FEET 

BELOW  DATUM. 

TOTAL  MONITORING  POINT  DEPTH  \VP^  FEET 
BELOW  DATUM. 

GROUND  SURFACE -  FEET 


MONITORING  POINT 
INSTALLATION  RECORD 


Remediation  by  Natural  Attenuation  TS 

Altus  AFB,  Oklahoma  _ 


PARSONS 

ENGINEERING  SCIENCE,  INC. 

Oenvor.  Colorado 


FIGURE  3.4 


9 

STABIUZEO  WATER  LEVEL  ^  '  FEET 

BELOW  DATUM. 

TOTAL  MONITORING  POINT  DEPTH  FEET 

BELOW  DATUM. 


MONITORING  POINT 
INSTALLATION  RECORD 

OU1 

Remediation  by  Natural  Attenuation  TS 
_ Alius  AFB,  Oklahoma _ 

PARSONS 

ENGINEERING  SCIENCE,  INC. 

Oanvor.  Colorado 


GROUND  SURFACE 


FEET 


MONITORING  POINT  INSTALLATION  RECORD 

Oil-  ^  -  MONITORING  POINT  NUMBER 


JOB  NAME  _ 

JOB  NUMBER  12Z^50.  3(j?020 
MUM  elevation 


installation  date 


JONITORIN 


rw  1*- 


LOCATION 


ATUM  FOR  WATER  LEVEL  MEASUREMENT  — '^O.Cc 

I  J  ^  .  i  C  . 


GROUND  SURFACE  ELEVATION 


™  diameter  &  material  /?-'X?S;toUfa40  T,VC - slot  size  iiXMi. 


M  DIAMLitK  <5c  MATLKIAL  ( . - -  u 

DIAMETER  6c  MATERIAL  ^LkicluiltiO  BOREHOLE  DIAMETER  - - 

(\V4Liorl'.  aiLTvJ-tlnvcn  ES  REPRESENTATIVE  ^Qb  NOgc.! 


(’ 


FIGURE  3.4 


STABIUZED  WATER  LEVEL 
BELOW  DATUM. 


TOTAL  MONITORING  POINT  DEPTH 
BELOW  DATUM. 


FEET 

FEET 


GROUND  SURFACE 


FEET 


MONITORING  POINT 
INSTALLATION  RECORD 

OU1 

Remediation  by  Natural  Attenuation  TS 
_ Altus  AFB,  Oklahoma  _ 

PARSONS 

ENGINEERING  SCIENCE, INC 


Oonvor.  Colorado 


MONITORING  POINT  INSTALLATION  REC^ 

JOB  NAME  OU.-  \ _ _  MONITORING  POINT  NUMBER  -TTW 

JOB  NUMBER  1 22^*30.  3(pOZO  INSTALLATION  DATE  T/  l-f/flC] - LOCATION - 

ATUM  ELEVATION  _ _ _ — - GROUND  SURFACE  ELEVATION - 

DATUM  FOR  WATER  LEVEL  MEASUREMENT  — \  OCG^  - - -zr-p- 

SCREEN  DIAMETER  &  MATERIAL  ^  ZED  5clA^duk^0  PvG  - - aOT  SIZE  ('’•.Qj 

RISER  DIAMETER  &  MATERIAL  Xl>  ’ScludaG-  ^  PIlG BOREHOLE  DIAMETER 

•  Qecfccb<z  (rcjCcre  es  representative  I  i>iu^ 


/—VENTED  CAP 


GROUND  SURFACE 


CONCRETE 


■COVER 


THREADED  COUPLING 


LENGTH  OF  SOLID 
RISER:  1 


SOUD  RISER 


TOTAL  DEPTH 
OF  MONITORING 
POINT:  I'f’Ofi' 


LENGTH  OF  , 

SCREEN:  ‘ 


SCREEN 


SCREEN  SLOT 
SIZE:  0-0^’- 


(NOr  TO  SCALE) 


LENGTH  OF  BACKFILLED 
BOREHOlf:  - - :: - 

BACKRLLED  WITH: 


FIGURE  3.4 


STA8IUZED  WATER  LEVEI _ HlZ -  FEET 

BELOW  DATUM. 

TOTAL  MONITORING  POINT  DEPTH  OA  FEET 
BELOW  DATUM. 

GROUND  SURFACE -  FEET 


MONITORING  POINT 
INSTALLATION  RECORD 


Remediation  by  Natural  Attenuation  TS 
Altus  AFB,  Oklahoma 


PAR  sa  IMS 

ENGINEERING  SCIENCE,  INC. 


Oenvor.  Colorado 


L:\fntech3\altus\iu1  -mwl  .geS 


\E _ J  PARSONS 

PARSONS  ENOINEEHINQ  SCIENCE,  INC. 

Dwiwr,  Colorado  (303]  831-0100 


LOG  OF  BORING  000IU1-MW1 


(Page  1  of  1) 


OPERABLE  UNIT  1 
ALTUS  AFB,  OKLAHOMA 


Date  Completed 
Drilling  Method 
Drilling  Contractor 
Boring  Logged  By 


Hollow  Stem  Auger 
Associated  Env. 
Woodward-Clyde 


Northing 

Easting 

Ground  Elevation 
TOC  Elevation 


1352.6  (feet  msl) 
1355.8  (feet  msl) 


Depth  Surf.  x 

in  Elev.  ^  ^ 

Feet  1352.6  g  W 


DESCRIPTION 


000IU1-MW1 

ELEV:  1355.8 


Well  Construction 
Information 


Reddish-brown,  medium  stiff,  lean  CLAY, 
tow  plasticity,  moist 


Dark  brownish-gray,  soft,  lean  CLAY, 
low  plasticity,  trace  fine  sand,  very  moist 


Red  to  reddish-brown  weathered  SHALE, 
blocky  texture  with  fissile  structure,  dry 


1330  CZZ 


•1325 


Reddish-brown  SHALE,  dry 


WELL  CASING 

Casing  Material  :  Sched.40  PVC 
Casing  Diameter  :  2"  ID 
Joint  Type  :  threaded 


WELL  SCREEN 

Screen  Material  :  Sched.40  PVC 
^reen  Diameter  :  2"  ID 
Screen  Slot  Size  :  0.010 " 

Screen  Joint  Type :  threaded 


ANNULUS 

Cement  Grout  :  0  -  28' 
Bentonite  Pellets  :  28'  -  34’ 
20-40  Silica  Sand  :34'-42' 
Borehole  Diameter;  8" 


•1315  hzZ 


Light  areenish-orav  SILTSTONE 
Reddish-brown  SHALE,  dry 


Fracture  zone,  very  weathered, 

.water..b®.anng. . 


45 


E 


W  oodward-Cly  de 


One  Old  MUI  BuUding 
101  South  108th  Avenue 
Omaha,  Nebraska  68154 


FAX 

TRANSMITTAL 

Tel.  No.  (402)334  8181 
Fax  No.  (402)334-1984 


I>ATE:  23  Juue  _ 

PROJECT  NO - - 

■jQ;  _ Roh  I _ 

FAX  NO.:  305-  g3i  -6  2-08 _ 

FROM:  Cftso*^ _ 

Woodward-Clyde  Omaha 


No.  of  pages  — s — 
(including  cover  sheet) 
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Please  deliver  ai  once 

-  - Reply  requested 
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-  - For  your  files 
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-  distribution 


REGARDING:  cacTUi’  mvj/  Laet  q 


REMARKS: 


06/23/97  MON  10:54  FAX  402  334  1984 


WOODWARD  CLYDE 


@002 


HTRW  DRILLING  LOG 


1.  CXHIPANV  NAUe 


PROJlSCT 

NAMEOFDRUXER  ^ 


y.  SIZE3;AM)  TVpes  Of  ORIXINQ 
4WD  SaMPLMQ  eOUIPMCWT 


7^/5^  Us/kL^ 


/i  ^  .  /A  SNEHT  SHEETS 

^  location  ~  - 


&  MANliF^TU«£F«  OESCNATON  OP  DRILL 


®.  SURFACE  elevation 

=  \362.L 


7i:>c^  1356^80 


It.OATCCOKPLETEO 

Vzo/97 


IS.  total  NUMBER  OP  CORE  BOXES 
_ / 


OTHER  tSPECIFYl  |  OTHER  (SPECPY)  |  OTHER  fSPECiFT) 


INQWEU.  f  OTHER  (SPECtFt) 


FORM  5056-R,  AUG  94 


HOLE  NO 


(Proponent;  CECW-EG) 


06/23/97  MON  10:54  FAX  402  334  1984 


WOODWARD  CLYDE 


0003 


06/23/97  MON  10:55  FAI  402  334  1984 


WOODWARD  CLYDE 


HTRW  DRILLING  LOG  (continuation sheet) 


Tc£ 


OESCAi^TioN  uateruls 

|C| 


^cc.)  -  mtd.  5-/^ 


^x^c 


GCOreCMUMPU  I  M4AtmCA(. 


MCOftCgOXNO.  I  SAMPlfMa 


"J|2W7) 


HOLE  NO. 


ORM  5056A<R,  AUG  94 


rjAf‘  jtiuji 


(Proponant:  CECW-EG) 


06/23/97  MON  10:55  FAI  402  334  1984 


WOODWARD  CLYDE 


1^005 


06/23/97  MON  10:55  FAI  402  334  1984 


WOODWARD  CLYDE 


HTRW  DRILLING  LOG  (CONTINUATION  SHEET) 


vBBi^ 


HO(.£  NUMBER 


irt^s 

Co^  i^p 


a/cK 


TX/^t  Ac^t'z^M 

/aj*-' 


//f/ch 


"Zo^K. 

36.2.  -A*  39.9 
-h  b<.  i^-U^ 

J 


Tce  [A^A'c^ 


6  FORM  S056A-R.  AUG  94 


;?r 

/?^Dr  <=»:^ 


^5.o' 


wec»  I  /  z:o^ 
-M-I<  1  ^/A+ 


tnyyoi~'i>H5 

e  *fi5o 


Rcr!>=i-^ 

■3.1 


1>Wy.-A  /«5+ 
c/pci»U’/iii^  -  ' 


Z.*5^  7o«  T'^Amf 


HOLE  NO. 


(Proponent:  CECW-EGI 
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HTRW  DRILLING  LOG  (continuation sheed 


pftOJECT 


OCSCA^nON  OF  MATCAU1.S 


PHOJcCT 

—  ^  "71^^  \Je^  A'ca^ 


ENG  FORM  5056A-R,  AUG  94 


TM'km ^ 

/fjoni7c->'i0fet 


UfefI 


(V/y., 


HOLE  NO. 


^CCITIAI 


(Proponent:  CECW-EGI 
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MONITORING  WELL  CONSTRUCTION  LOG 


Project  Name 
Ucation 

InsUMedBy;^^;^ 
Inspected  By  ^ 

Method  of  Installation 
emarks 


PiezTWellNo. 

Projeci  No.  T~rj'i 
Date  Tim 


^  uJcf  I 

p/to  ^ec-ZiV/e.  CoO^y . 


-  Elevation  of  top  of  riser  ^ 

4vi»oire.  _ 

-Depth  of  riser  ground  ^ 


AGS  Elevation 
(feet) 

3.Z  /  13S$.^C? 
3-5  / 


_ Generalized  Strattgraphy 

C/^!^  -  yCv//  • 


•■O;?  l':'---: 

•'■'I 


-  Ground  Elevation 

-  LD./Typc  of  surface  casing 

S/ec  /  ^04, 


-Type  of  surface  seal 


—  /  )3$2.(^ 

BGS  Elevation 
(feet) 


C/aj  CCL)  -  /9// 


Diameter  of  sur&cc  seal  g 

-Depth of sur&ce seal  t 

.IJOyr^cofriswpipc  .2-/’^eA  ■  6cA^A^U> 

P\Jc.  '  ^  * 

.  Type  of  backfill 


'  Dqjth  to  cop  of  seal  2^,Ol 

-TVpeofseal  CAr/)^ 


-  Depth  of  top  of  filter  pack  3^,0  / 

-  Depth  of  top  of  screen  3  ^  ^  ^ 

-Type  of  filter  pack  :io^c/c> 


vi^J^5g2i!  - 
3py.;.;'j’.-  .*■ 


-LOyrype  of  screen  -?-/Vec4 

Screen  slot  size  Q.  o,o  $fo+ 

-Depth  of  bottom  of  screen  ^  ^  ^ 

•  Depth  of  booom  of  plugged  blank  section  Q  ^ 

-Type  of  backfill  below  observation 

^  Vo  ^<<Qg/W74o  4b,  , 


.  Depth  of  bottom  of  boring 
Diameter  of  boring  *7 


4d?.0  /  /3/O.I 


Sheet2 


TABLE  2.2 


GROUND  ELEVATIONS 


OU-l 


REMEDIATION  BY  NATURAL  ATTENUATION  TS 


ALTUS  AFB,  OKLAHOMA 


Location  |  Northing 


OU-1-01 


OU-l -02 


Easting 

Elev 

1351.96 

1352.10 

OU-1-03 

1352.72 

OU-1-04 

1352.22 

OU-1-05 

486773.68 

1588381.48 

1352.21 

OU-1-06 

486323.05 

1589280.83 

1348.00 

OU-l-TWl 

486584.82 

1588939.63 

1356,00 

OU-1-TW2 

486323.44 

1589275.34 

1348.00 

OU-1-TW3 

486098.62 

1589497.14 

1353.09 

OU-1-TW4 

485541.26 

1590128.53 

1346.62 

OU-1-TW5 

485158.54 

1590372.25 

1343.23 

OU-1-TW6 

484937.95 

1590755.45 

1341.74 

OU-1-TW7 

484360.33 

1591003.01 

1340.07 

OU-1-TW8 

485669.38 

1589143.29 

1350.04 

OU-1-TW9 

486693.59 

1589483.8 

1352.97 

OU-l-TWlO 

485624.43 

1590515.69 

1342.80 

OU-l-TWll 

485173.72 

1590028.15 

1348.52 

OU-1-TW13 

485253.02 

1590737.22 

1342.37 

OU-1-TW14 

484700.65 

1590361.81 

1342.52 

OU-1-TW15 

485132.97 

1589045.83 

1349.72 

OOOIUl-MWl 

486098.62 

1589477.14 

1352.6 

WL018 

1353,14 

WL019 

486525.54 

1588389.35 

1354.12 

WL020 

486919.68 

1588397.22 

1359.08 

WL021 


WL022 


WL060  I  485796.53 


WL061 


WL062 


SB  lows 


SBIOWD 


SBllWS 


SBllWD 


SB15WS 


SB15WD 


SB16WS 


SB16WD 


Feet  above  mean  sea  level. 


Feet  below  top  of  casing. 


1590693.81 


1351.94 


1344.67 


1337.07 


1338.21 


1355.64 


1355.64 


1351.88 


1351.88 


1355.11 


1355.11 


1357.71 


1357.71 
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^urvwy  D^ta 

0per«£>i4  Unrt  01 


Locudoa  Nama 

Well  Depth 

Horuontd  Arv$i« 

OegAM  Mtnure  DijiUiftco  ft 

V«rti«|a 

Gisraneo  iT 

ytoc 

O  SBlOW 

12 

89 

30 

639.16 

-1.30 

>3ss.  5^ 

D  SBlOW 

> 

89 

31 

638.86 

-135 

l^ss. 

SBlOW 

Ground  Elav 

H9 

25 

639.20 

-0.98 

13SS, 

S  SBWW 

11.75 

96 

2 

764.74. 

-4,96 

|36  1  .  U  Ca 

P  SBIIW 

) 

96 

1 

764.80 

-5.04 

l-SS  1  -  5"  s 

SBIIW 

Ground  filav 

57 

764.57 

-4.74 

5  Skn.iw 

7 

10 

267.64 

•t,6l 

l3SS.c?t 

D  SBi}W 

> 

% 

II 

WM 

•l,fH 

\3>SS.oi 

Si5l.iw 

>  :  . 

f3SS./l 

S  $»i«w 

t3,a« 

ij 

oAo 

l'S>5-?.S9- 

D  SBI6W 

> 

91 

ii 

OSO 

SBI6W 

Ground  Slav 

98 

7 

M9.I7 

1.09 

/35’7.,  7  / 

04-7-01 

350 

46 

n\xi 

-2.1CJ 

^  35</.5-S>- 

04-1-02 

356 

40 

261.34 

-1.98 

l3S<f.Gi 

00-l-Vp 

335 

33 

260.88 

•1.97 

I3SV.65 
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T'oc0^u>^^^ 


i3$C.U'l- 


TOTAL  P.03 


I 


u 

im 


P 

tn 


o 


WW 

S  2 

5-2 

w  < 

5s 

CO 


CD  c 

is  = 

w  ® 

!  « 
<  © 
Cl 
O 


I 
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Kansa«  Clly  Olsirtcl  Corps  o#  fnglnssrs 
Geotechnicol  6ronch  -  SCAPS 


SURVEY  DATA  FOR  OPERABLE  UNIT  01 


SOAPS  POINT 

NORTH 

COORD. 

EAST 

COORD. 

GROUND 
ELEV. (FT) 

TOP  OF 
RISER 
ELEV. (FT) 

1 

487273 

1588452 

1350.8 

1351.7 

2 

486833 

1588878 

1355.0 

1355.6 

3 

486575 

1589178 

1347.1 

1347.7 

4  ■ 

486321 

1589471 

1351.4 

1352.0 

5 

486021 

1590010 

1351.9 

1352.6 

6 

485738 

1590323 

1343.2 

1343.8 

7 

485489 

1590587 

1343.0 

1343.6 

8 

486965 

1588407 

1350.8 

1351.7 

9 

486568 

1588883 

1354.8 

1355.2 

10 

486319 

1589152 

1348.6 

1349.4 

11 

486066 

1589466 

1351.8 

1352.3 

12 

485773 

1590000 

1351.3 

1351.9 

13 

485498 

1590312 

1342.9 

1343.5 

14 

485269 

1590599 

1342.7 

1343.5 

15 

486709 

1588397 

1352.0 

1352.5 

16- 

486315 

1588881 

1354.1 

1354.9 

17 

486068 

1589151 

1349.4 

1350.0 

18 

485868 

1589458 

1351.2 

1351.9 

19 

485510 

1589991 

1350.5 

1351.1  • 

20 

485241 

1590300 

1343.1 

1343.6 

21 

484947 

1590574 

1341.1 

1341.8 

22 

484863 

1590841 

1341.4 

1341.9 

23 

486449 

1588402 

1353.2 

1353.8 

24 

486076 

1588875 

1353.6 

1354.3 

25 

485816 

1589148 

1349.1 

1349.8 

26 

485570 

1589457 

1351.0 

1351.6 

B-4 


27 


485254 


1589983 


1349.7 


1350.2 


484954 


484712 


484628 


486195 


485816 


485567 


485309 


484969 


484716 


484479 


485929 


485560 


485319 


485061 


484733 


484338 


484245 


486999 


486784 


486531 


486283 


486025 


485768 


485682 


484429 


483951 


483958 


484345 


1590286 


1590564 


1590889 


1588398 


1588870 


1589142 


1589452 


1589971 


1590272 


1590556 


1588391 


1588a67 


1589129 


1589444 


1589965 


1590248 


1590550 


1587702 


1587825 


1587861 


1587883 


1587914 


1587970 


1588388 


1589960 


1590541 


1591021 


1591052 


1342.8 


1341.0 


1340.1 


1354.8 


1352.2 


1349.5 


1350.5 


1349.6 


1343.4 


1341.4 


1356.1 


1351.6 


1348.9 


1349.6 


1348.9 


1345.5 


1341.0 


1359.6 


1359.1 


1357.7 


1357.9 


1358.1 


1358.4 


1356.9 


1348.9 


1342.5 


1337.9 


1338.1 


1343.5 


1340.5 


1353.0 


1350.1 


1351.2 


1350.4 


1344.1 


1342.0 


1356.7 


1352.3 


1349.6 


1350.4 


1349.6 


1346.2 


1341.5 


1360.3 


1359.8 


1358.5 


1358.3 


1358.6 


1358.9 


1357.6 


1349.4 


1343.2 


1338.5 


1338.7 


56 


484950 


1591062 


1342.5 


1342.9 


57 

485225 

1590732 

1341.5 

58 

485694 

1590740 

1343.1 

59 

486042 

1590337 

1345.4 

60 

486316 

1590029 

1353.5 

61 

486574 

1589478 

1351.5 

62 

486829 

1589160 

1348.7 

63 

487088 

1588889 

1356.2 

64 

485197 

1588863 

.  1350.4 

65 

484948  , 

1589141 

1346.8 

66 

484790 

1589434 

1348.3 

67 

484891 

1588916  . 

1348.1 

68 

484520 

1589060 

1350.2 

1352.1 

1349.4 

1356.9 

1350.9 
1347.3 

1348.9 
1348.7 
1351.0 
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^.o-q.o 

S6 
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1-7,0  -zo.o 
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diVc-in 
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TOTAL  P.02 


MONITORING  POINT  DEVELOPMENT  RECORD 


Job  Number:  72245Q.36Q20 
Location  Altus  AFB  -  OU  1 
Well  Identification  QlL^  L-OS 

Pre-Development  Information 


Job  Name^A^FCEE-RNA 
by  RN/Cm)  ^Date:. 

Measurem^t  Datum  <  C  O 


Time  (Start):. 


Water  Level: _ ^  ..•(O  iCO 


Total  Depth  of  Well: 


Water  Characteristics 

Color  re£:l  -  hrc> 


Odor:,'^''Non^ 


Weak 

Any  FUmTbr  Immiscible  Material 

,  pH  n)  _ Jemperature  (°C). 

Specific  Conductance-(pS/cmX _ Z03Q 


.Clear  (^Cloudy^  ' ' 

Moderate  Strong 


c^o?.{p 


Dissolved  Oxygen  (mg/L)  0«  2^ 

Redox  (mV)_Jl53 _ 

Interim  Water  Characteristics 


Gallons  Removed. 

pH _ 


iLi;V 

^  4o  — 

y  \  'y  .V  A  , 


VsA^ 


Time:. 


Temperature  (®C). 


Specific  Conductance(pS/cm). 

Dissolved  Oxygen  (mg/L) _ 

Redox  (mV) _ 


(}^CVt4iauijd  ■F’ 

ciIIdv\/  /ecKcLt'ff  pencd'.cdk 

ClxOLv^  4^^* 


Post-Development  Information 

btlowToo 


Water  Level: 


Time  (Einishk  *7  /  ^  ^ 

Total  Depth  of  Well:  bcloW  I  OC 


Approximate  Volume  Removed:  6U/C\  B 

_ Cloudy 


Water  Characteristics 


Color  ^ ^ _ 

Odor:  ^Non^  Weak  Moderate 

Any  FiffiTorlmmiscible  Material  KJoWS^ 

pH  Ti8*l _ Jemperature  (^O  tSiH 

Specific  Conductance  (pS/cmJ  ^4^80 _ 


Strong 


Dissolved  Oxygen  (mg/L")  Oi*~7 

Redox  (mV) _ 2  l  O 


Comments: 


I  :\forms\develop.doc 


MONITORING  POINT  DEVELOPMENT  RECORD 


Job  Number:  722450.36020 
Location  AltusAFB-OUl 
Well  Identification  Q  lA-f-OL 


Job  Name:  AFCEH-RNA 
by  RN/CM  Date:. 

Measurement  Datum 


4IAL 


Pre-Development  Information 
Water  Level:. 


Time  (Start):., 


/o 


Total  Depth  of  Well 


Water  Characteristics 

Color  "  h^'ocoh 

Odor:^ 


/^loud^ 


_  Weak 

Any  Films  or  Immiscible  Material  ^  O 
pH  ^  MitP _ Temperature  /  "7 


JZlear 

Moderate  ^  Strong 


Specific  Conductance  {\iSlcm)__SO_^0_ 
Dissolved  Oxygen  rmg/L) 

Redox  rmVl  /  /  ^  ■  S 
Interim  Water  Characteristics 

Gallons  Removed _ 


Time:_ 


pH_ 


Temperature  (°C)_ 


Specific  Conductance(|iS/cm)_ 

Dissolved  Oxygen  (mg/L) _ 

Redox  (mV) _ 


4Wvou^Ucu^  diiU 


/ 


Eost-rPevelopment  Information  Time  (Finish): 

Water  Level: _  _ (3*0*^  ic^  Total  Depth  of  Well: 


Approximate  V olume  Removed:  ^QjX^CYlS  tlC^d  4/l ^ 


Water  Characteristics 


Color  lyiourm 

Odort^^None)  Weak 


Any  FiTmror  Immiscible  Material  \f\CjY\^ 
pH _ 


.Clear/  Cloudy 
Moderate  Strong 


23 

- 


Specific  Conductance  (pS/cm)_ 

Dissolved  Oxygen  (mg/L) _ 

Redox  (mV) _ 


JTemperature  (^O  \%A 


Comments: 


1  :\forms\dcve  I  op .  doc 


MONITORING  POINT  DEVELOPMENT  RECORD 


Job  Number:  722450.36020 
Location  Altus  AFB  -  OU  1 
Well  Identification _ 


•TiaII 


Job  Name:  AFCEE-RNA  .  j 

by  mim _  Date:  4/l5/^n 

Measurement  Datum  _ 


Pre-Development  Information 

Water  Level: _ \  9. 


Time fStartL 


Mite  tele 
(epA'^ 


Total  Depth  of  Well 


Water  Characteristics 
Color 


Odor:  None  Weak 

Any  Films  or  Immiscible  Material 
pH  ^ _ Jemperature  (°C), 


Clear  Cloudy 
Moderate  Strong 


Specific  Conductance  (pS/emT 

Dissolved  Oxygen  (mg/L) _ Q  _ 

Redox  (mV) _  \%C 

Interim  Water  Characteristics 


4febo 


Gallons  Removed. 

pH _ 


1^''^ _ ^ixX. 


Time:  ^  ‘30f> 


\%>0 


Temperature  (°C) _ 

Specific  Conductance(|iS/cm).  ik.10 

Dissolved  Oxygen  (mg/L)_  4.0 

Redox  (mV) _ _ 


Time  (Finish) 


Post-Development  Information 

Water  Level:_  \Z,1'  klowToc.  Total  Depth  of  Well:_ 

Approximate  Volume  Removed:  OjX\ _ 

Water  Characteristics 

Color _ Clear  Cloudy 

Odor:  None  Weak  Moderate  Strong 

Any  Films  or  Immiscible  Material  _ _ 

pH _ _ Temperature  \  t>  S 


Specific  Conductance  (pS/cm^  MCiO 


Dissolved  Oxygen  (mg/L). 
Redox  (mV) _ 


a 


1(^!> 


Comments: 


i:\fonns\develop.doc 


MONITORING  POINT  DEVELOPMENT  RECORD 


Job  Number;  722450.36020 

Location  Altus  AFB  -  OU  1 

Well  Identification _ ~r\A/*3- 


JobName:  AFCEE-RNA 

by  RN/CM _  Date 

Measurement  Datum  T'o  C. 


■  f/iWt) 


n 


Pre-Development  Information 
Water  Level:_ 


Time  (Start):. 


3- CO 


Total  Depth  of  Well:. 


i4'  hjS 


Water  Characteristics 


Color  _ 

Odor:^  Weak  ^ 

Any  Fiifnrorlmmiscible  Material  nO _ 

pH _ _ Jemperatoe  (°C)  3 1 


.Clear  (Ooud^ 
Moderate  Strong 


Specific  Conductance  (pS/cm)_ 

Dissolved  Oxygen  (mg/L)_j^ 

Redox  (mV) _ _ 

.Interim  Wat_er_C.haractgristip.§ 

Gallons  Removed  _ 

pH _ liJ _ 


Time: 


Temperature  (°C)_ 


iu. 


Specific  Conductance(pS/cm). 


iODO 


Dissolved  Oxygen  (mg/L) _ 

Redox  (mV)  _ki 


4.q 


Well  154^' 

~T  pu*v<-p«;l  (m' 


Post-Development  Information 
Water  Level:  - 


Time  (Finish) 


CL 


Total  Depth  of  Well: _  !3.^5'b?lcu;  i  o(L 


Approximate  Volume  Removed: 
Water  Characteristics 


4ji1[cyis 


Color. 

Odor: 


(iea> 


Weak 


Any  Films  or  Immiscible  Material 

pH  _ 

Specific  Conductance  (pS/cm) _ 

Dissolved  Oxygen  (mg/L) _ 

Redox  (mV) _ 


^  f  Cle^rx  Cloudy 

Sloderate  Strong 

_ 

Jemperature  (’°CJ  1  ^  5 _ 

5^(0^ _ 


J.5 


Comments; 


1  :Vfonns\dcvelop  .doc 


MONITORING  POINT  DEVELOPMENT  RECORD 


Job  Number:  722450.36020 
Location  Altus  AFB  -  OU  1 
Well  Identification _ 


Job  Name:  AFCEE-RNA 
by  RN/CM  Date 

Measurement  Datum _ 


Pre-Development  Information 
Water  Level: _ 


Time  (Start):, 


■3-ZO 


Total  Depth  of  Well: 


Water  Characteristics 


Color 


Weak 


_  or  Immiscible  Material  //MTYXJl^ 
M _ Temperature  PC) 


JDlear  ^Cloud^ 
Moderate  Strong 


Specific  Conductance  (pS/cm), 

Dissolved  Oxygen  (mg/L) _ 

Redox  (mV) _ 

Interim  Water  Characteristics 


Sl 


iao 


Gallons  Removed. 


,5" 


PH_ 


Nm 


Tim,- 


Temperature  (°C)_ 


Specific  Conductance(pS/cm)_ 

Dissolved  Oxygen  (mg/L) _ 

Redox  (mV) _ 


mm. 


O.z 


00^ 


Post-Development  Information 
Water  Level: _ — 


Time  (Finish):, 


3-3^ 


Total  Depth  of  Well:, 


Approximate  Volume  Removed: 
Water  Characteristics 


2.0  ggJ 


Color _ .Clear  Cloudy 

Odor:  None  Weak  Moderate  Strong 

Any  Films  or  Immiscible  Material  _ 

pH _ _ Jemjjerature  POl  \%3 

Specific  Conductance  fpS/cm’^  _ 

Dissolved  Oxygen  (mg/L) _ _ 

Redox  (mV) _ \03 

Comments: 


l:\forms\devclop.doc 


MONITORING  POINT  DEVELOPMENT  RECORD 


Job  Number:  722450.36020 
Location  Altus  AFB  -  OU  1 
Well  Identification _ 


Pre-Development  Information 


Job  Name:  AFCEE-RNA 
by  RN/CM  Date:. 


Measurement  Datum  "TC  O 


Water  Level: 


1^ 


Total  Depth  of  Well:. 


jLlO 


Water  Characteristics 

Color  b'lXu/Tl _ Clear  ^(^oud^ 

Odor:  /^on^  Weak  Moderate  Strong 

Any  Fimwijf^Immiscible  Material  _ 

pH _ Temperature  (°C) _ 

Specific  Conductance  (pS/cm) _ 

Dissolved  Oxygen  (mg/L) _ 

Redox  (mV) _ 

Interim  Water  Characteristics 


quaCW*;! 


Gallons  Removed _ 

pH _ 

Temperature  (°C) _ 

Specific  Conductance(pS/cm) _ 

Dissolved  Oxygen  (mg/L) _ 

Redox  (mV) _ 

Post-Development  Information 

Water  Level: _ 

Approximate  Volume  Removed: 
Water  Characteristics 


Total  Depth  of  Well:, 


Color _ .Clear  Cloudy 

Odor:  None  Weak  Moderate  Strong 

Any  Films  or  Immiscible  Material  _ 

pH _ Temperature  (°C) _ 

Specific  Conductance  (pS/cm) _ 

Dissolved  Oxygen  (mg/L) _ 

Redox  (mV) _ 

Comments: 


l:\forms\develop.doc 


MONITORING  POINT  DEVELOPMENT  RECORD 


Job  Number:  722450.36020 
Location  Altus  AFB  -  OU  1 
Well  Identification _ 


Pre-Development  Information 
Water  Level: _ 


Job  Name:  AFCEE-RNA 
by  RN/CM  Date 

Measurement  Datum. 


Time  (Start) :_ 


Water  Characteristics 
Color_ 


jPIear 


Total  Depth  of  Well; 


of^ud^ 


:_1LT£ 


Odor:  ^opii  Weak 

Any  Fitesor  Immiscible  Material  Y^o 

pH _ Temperature  (°C). 

Specific  Conductance  (pS/cm) _ 

Dissolved  Oxygen  tog/L)  _ 


Moderate  Strong 


ikA 


Redox  (mV)_ 

Interim  Water  Characteristics 


Gallons  Removed. 

pH _ 


tO'2- 


S-0 


Time:. 


lijo 


JffA- 


Temperature  (°C)_ 


1(#>  <3 


41^ 


Specific  Conductance(pS/cm). 
Dissolved  Oxygen  (mg/L)_ 
Redox  (mV) _ 


i5D 


Post-Development  Information 
Water  Level: _ 


Time  (Finish):. 


1130 


Total  Depth  of  Well:. 


Approximate  Volume  Removed:  ^ «  0 


Water  Characteristics 
Color 


loudy 


Comments: 


Odor:"^  ^  Weak 
Any  Films  or  Immiscible  Material 

pH _ _ Temperature /fa  3 

Specific  Conductance  (pS/cm)_i£ijS-0 _ 

Dissolved  Oxygen  (mg/LJ  ^  ^  ^ _ 

Redox  (mV)__LS^_ _ 


Strong 


i:\fonns\develop.doc 


MONITORING  POINT  DEVELOPMENT  RECORD 


Job  Number:  722450.^6n?n 
Location  AltusAFB-QU  l 
Well  Identification 

Pre-Development  Information 

Water  Level: _ jQ  ^  1-^ 


Job  Name:  AFCEE-RNA 
by  RN/CM  Date: 

Measurement  Datum  (oirot^ 

Time  (Start):. 


t 

Total  Depth  of  Well:  I  •~7  ^  I  ^ 


Water  Characteristics 

Color 

Odor: 

A _ _  T?:i _ _ T_ 


Weak 

Any  Films  or  Immiscible  Material  ho 
pH _ Jemperature  (°C). 


jZIlear  d^pud^ 


Moderate  Strong 


X  X  WIX 

Specific  Conductance  (pS/cm). 

Dissolved  Oxygen  (mg/L) _ 

Redox  (mV) _ 

Interim  Water  Characteristics 


Gallons  Removed. 
pH _ ^ _ 


rV- 5" 


7.^3 


Temperature  (°C) _ (  ^ 


Specific  ConductancerpS/cm") 


Dissolved  Oxygen  (mg/L)_jQj_^ 
Redox  (mV) _ I  3  I 


Post-Development  Information 
Water  Level: _ 


Approximate  Volume  Removed: 
Water  Characteristics 


Time  (Finish): 


<idr^of4er . 


Time:  I  |  “XO 


-  S-ti'll  j 

llOS'Dr^  0  . 


S  o*-  ‘  — 


fizi 

A 


1  IT- 


(rk^ 


Total  Depth  of  Well:  ( 


_  _  Pc-lW 

dcipl  /<-«?; 


Color _ Clear  Cloudy 

Odor:  l^e  Weak  Moderate  Strong 

Any  Films  or  Immiscible  Material  _ 

pH _ Temperature  (°C) _ 

Specific  Conductance  (pS/cm) _ 

Dissolved  Oxygen  (mg/L) _ 

Redox  (mV) _ 

Comments: 


l:\forms\develop.doc 


MONITORING  POINT  DEVELOPMENT  RECORD 


Job  Number:  722450.:J6020 
Location  Altus  AFB  -  OT)  1 


Well  Identification  U  L4~  !  ~  'TcO'l 


Job  Name:  AFCF.F.-RNA 
by  RN/CM  Date:. 

Measurement  Datum  \  ^ 


Pre-Development  Information 

Water  Level:  3«  U  S 


Time  (Start):. 


53^ 


Total  Depth  of  Well:  k)A 


(cz>ulcl 


Water  Characteristics 


rdk-h 


Colo] 

Odor:  Weak 

Any  Films  o^mmiscible  Material  A 

pH  "7 «  ^  5^ _ Temperature  (°CX 

Specific  Conductance  rfiS/cm"^  *5  0?-0 

Dissolved  Oxygen  (mg/L^l  /  ^  O _ i 

Redox  (mV) _ _ 

Interim  Water  Characteristics 


JZlear  Qloir 
Moderate 


doipv^ 

I  y*-v  y  UJ*  /  y  uyxrf 


Strong 


ecf  }o 


U)Cf- 


Gallons  Removed _  Time: _ 

pH _ 

Temperature  (°C) _ 

Specific  Conductance(pS/cm) _ 

Dissolved  Oxygen  (mg/L) _ 

Redox  (mV) _ 

Post-Development  Information  Time  (Finish): _ 

Water  Level: _  Total  Depth  of  Well: _ 

Approximate  Volume  Removed:  _ 

Water  Characteristics 

Color"^^!^**^  S  ( C\c>o^<A  Cloudy 

Odor:  wak  ^  Moderate  Strong 

Any  FiliilSTJr  Immiscible  Material  _ 

pH _ Temperature  (°C) _ 

Specific  Conductance  (\iS/cm)  S  _ 

Dissolved  Oxygen  (mg/L) _ 

Redox  (mV) _ 

Comments: 


I 


l:\fonns\devclop.doc 


MONITORING  POINT  DEVELOPMENT  RECORD 


Job  Number:  222m2^ 
Location  Altus  AFB  -  OU  1 
Well  Identification _ 

Pre-Development  Information 

Water  Level: _ 

Water  Characteristics 


ii[wi 

iU 


Job  Name:  AFCEE-RNA  , 

by  .RN/CM _  _  Date:  /hH 


Measurement  PatumT^^ 


Time  (Start):_ 


)l:oo 


0^ 


Total  Depth  of  Well: 


Color _ 

Odor:  None  Weak 

Any  Films  or  Immiscible  Material 

pH _ Temperature  (°C). 

Specific  Conductance  (pS/cm)_^5SSL2— 

Dissolved  Oxygen  (mg/L) _ QJ _ 

Redox  (mV) _ 


_ .Clear  Cloudy 

Moderate  Strong 


Interim  Water  Characteristics 

Gallons  Removed _ 

pH _ 


Temperature  (°C)., 


l;4 


Specific  Conductance(pS/cm)_ 

Dissolved  Oxygen  (mg/L) _ 

Redox  (mV) _ 


0.0 


IbO 


PQSt-PevelQpmgnt  Information 

Water  Level:  -3,IG, 


Approximate  Volume  Removed: 
Water  Characteristics 


5  C)cd^ 


Time: 


.  IV. 


Time  (Finish) 


IV, ^0 


Total  Depth  of  Well: _ 


Color _ .Clear  Cloudy 

Odor:  None  Weak  Moderate  Strong 

Any  Films  or  Immiscible  Material  _  _ 

pH _ _ Temperature  f^C) 

Specific  Conductance  (pS/cm)_^ii^k _ 

Dissolved  Oxygen  (mg/L) _ _ 

Redox  (mV) _ _ 1^0 _ 

Comments: 


1  :\fonns\develop  .doc 


MONITORING  POINT  DEVELOPMENT  RECORD 


Job  Number:  722450.36020 
Location  Altus  AFB  -  OU  1 
Well  Identification _ 


Job  Name:  AFCEE-RNA 
by  RN/CM  Date:. 

Measurement  Datum _ 


4-1) 


Pre-Development  Information 
Water  Level: _ 


Time  (Start):, 


Total  Depth  of  Well 


:  > 


Water  Characteristics 


Color, 


Odor:  ^on^^  Weak  Moderate 

Any  FilW^  Immiscible  Material 


JZIear  (  Cloud’ 


Strong 


JTemperature  (°C)_ 


Specific  Conductance  (pS/cm), 

Dissolved  Oxygen  (mg/L) _ 

Redox  (mV) _ 

Interim  Water  Characteristics 


Gallons  Removed, 
pH _ 


Time:, 


Temperature  (°C), 


Specific  Conductance(pS/cm), 

Dissolved  Oxygen  (mg/L) _ 

Redox  (mV) _ 


Post-Development  Information 
Water  Level: _ 


Time  (Finish):, 


iHsi 


Total  Depth  of  Well:, 


fs/AA 


Approximate  Volume  Removed: 
Water  Characteristics 

Color _ 


Comments: 


Odor:  None  Weak 

Any  Films  or  Immiscible  Material 

dh  '^■4  _ 

Specific  Conductance  (pS/cm) _ 

Dissolved  Oxygen  (mg/L) _ l 

Redox  (mV)  _ 


ICle^  Cloudy 
loderate  Strong 


Temperature  <3  1 « Q 


l:\forms\devclop.doc 


MONITORING  POINT  DEVELOPMENT  RECORD 


Job  Number:  722450.36020  Job  NamerTAFCEE-RNA  i  I 

Location  Altus  AFB  -  OU  1 _  ^  .  i,  p.  by  RMCN^ -  Date: — □./ -  - _ 

Well  Identification _ 1  \N  1  U  Measurenirat  Datum  S  4  £ACjL. 

Pre-Development  Information  Time  (Start): _ 

Water  Level:  1.A5  ks _  Total  Depth  of  Well: _ 

Water  Characteristics 


pH. 


Temperature  (°C) _ 

Specific  Conductance(pS/cm). 
Dissolved  Oxygen  (mg/L) _ 


Redox  (mV) _ 

Post-Development  Information  Time  (Finish): — l  — 

Water  Level:  ^ _  Total  Depth  of  Well: 


Approximate  Volume  Removed:  _ 

Water  Characteristics 

Color _ .Clear  Cloudy 

Odor:  None  Weak  Moderate  Strong 

Any  Films  or  Immiscible  Material  _  _ 

pH _ Temperature  (°0  1 5  *  2- 

Specific  Conductance  (pS/cm^  _ _ _ 

Dissolved  Oxygen  (mg/L) _ n  _ 

Redox  (mV) _ MO 

Comments: 


l:\forms\dcveIop.doc 


MONITORING  POINT  DEVELOPMENT  RECORD 


Job  Number:  722450.36020 
Location  Altus  AFB  -  OU  1 
Well  Identification _ 


TiA/il 


Pre-Development  Information 

Water  Level: _ 10  ^  ^ 

Water  Characteristics 


Job  Name:  AFCEE-RNA 
by  RN/CM  .  Date:_ 

Measurement  Datum 

Time  (StartL 


Total  Depth  of  Well:  1  I  «  0^ 


Color _ 

Odor:  None  Weak 

Any  Films  or  Immiscible  Material  _ 

pH _ Temperature  (°C). 

Specific  Conductance  (pS/cm) _ 

Dissolved  Oxygen  (mg/L) _ 

Redox  (mV) _ 

Interim  Water  Characteristics 

Gallons  Removed _ 


i^lear  Cloudy 
Moderate  Strong 


pH. 


Temperature  (°C) _ 

Specific  Conductance(pS/cm), 
Dissolved  Oxygen  (mg/L)_ 
Redox  (mV) _ 


Post-Development  Information  Time  (Finish): _ 

Water  Level: _  Total  Depth  of  Well:. 

Approximate  Volume  Removed:  _ 


Water  Characteristics 


Color _ .Clear  Cloudy 

Odor:  None  Weak  Moderate  Strong 

Any  Films  or  Immiscible  Material  _ 

pH _ Temperature  (°C) _ 

Specific  Conductance  (pS/cm) _ 

Dissolved  Oxygen  (mg/L) _ 

Redox  (mV) _ 

Comments: 


l:\fomis\deveIop.doc 


MONITORING  POINT  DEVELOPMENT  RECORD 


Job  Number:  7224‘)Q.36020 

Location  Altus  AFB  -  OU  1 

Well  Identification  P  C4  -  /  -iTUJ  13 


Pre-Development  Information 
Water  Level: _ 


Job  Name:  AFCEE-RNA 
by  RN/CM  Date:  ,  ■  , 

Measurement  Datum  ^ 

Time  (Start):_  //36 


Water  Characteristics 


Color 


Total  Depth  ofWell  1^.0  ‘  hl<, 

//55 


_CIear  yloud: 
Moderate 


Odori^^^^e  Weak 

Any  FUms  or  Immiscible  Material 
pH  C> .  fa  ^ _ .Temperature  (®C)_/5%..5ri 


Stro^  ^ 


Specific  Conductance  (pS/cnO. 

2/l)  a 


JL2:2£_ 


Dissolved  Oxygen  (mg/L). 
Redox 

Interim  Water  Characteristics 


Gallons  Removed _ 

l^a  ,9  ^ 


Time 


:  /P-^  (p 


pH. 


Temperature  (°C)_ 


/f.g 


Specific  Conductance(|iS/cm)_ 
Dissolved  Oxygen  (mg/L>  (0  / 
Redox  (mV) _ 


IL± 


PQ§t-Deve|Qpn)gnt  Informatipu 

Water  Level: _ 


Time  (Finish):. 


/L/^ 


Approximate  Volume  Removed: 


Water  Characteristics 


_ _  Total  Depth  of  Well:. 

/,  S'yjl 


Color_  O^^^Aciear  Cloudy 

Odor:  ffon^  eaic  vZTModerate 

Any  Films  or  Immiscib^_Material  ^  ‘ _ 

pH _ _ .Temperature  (®C)_i5_i^ 

Specific  Conductance  (nS/ct^___5rCi.£^ _ 

Dissolved  Oxygen  fm^J  C> ,  / _ 

Redox  ImVI  L  "3  _ 


Strong 


Comments: 
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MONITORING  POINT  DEVELOPMENT  RECORD 


Job  Number:  722450.36020 
Location  Altus  AFB  -  QU  1 
Well  Identification _ 


Job  Name:  AFCEE-RNA 

by  RN/CM _ 

Measurement  Datum _ 


Date: _ 


Pre-Development  Information 


Time  (Start):. 


Water  Level: _  Total  Depth  of  Well:. 

Water  Characteristics 

Color _ .Clear  Cloudy 

Odor:  None  Weak  Moderate  Strong 

Any  Films  or  Immiscible  Material  _ 

pH _ Temperature  (°C) _ 

Specific  Conductance  (pS/cm) _ 

Dissolved  Oxygen  (mg/L) _ 

Redox  (mV) _ 

Interim  Water  Characteristics 


Gallons  Removed _ ^ _  Time: _ 

pH _ 

Temperature  (°C) _ 

Specific  Conductance(pS/cm) _ 

Dissolved  Oxygen  (mg/L) _ 

Redox  (mV) _ 

Post-Development  Information  Time  (Finish): _ 

Water  Level: _  Total  Depth  of  Well:. 

Approximate  Volume  Removed:  _ 

Water  Characteristics 


Color _ .Clear  Cloudy 

Odor:  None  Weak  Moderate  Strong 

Any  Films  or  Immiscible  Material  _ 

pH _ Temperature  (®C) _ 

Specific  Conductance  (pS/cm) _ 

Dissolved  Oxygen  (mg/L) _ 

Redox  (mV) _ 

Comments: 


l:\forms\dcvclop.doc 


MONITORING  POINT  DEVELOPMENT  RECORD 


Job  Number:  722450.36020 
Location  Altus  AFB  -  QU  1 
Well  Identification _ 


Pre-Development  Information 
Water  Level: _ 


Water  Characteristics 


Job  Name:  AFCEE-RNA 
by  RN/CM  Date:. 

Measurement  Datum 


4/1? 


Time  (Start): 


,  ^-00 


Total  Depth  of  Well:. 


in.oS 


Color _ _ _ Clear  Cloudy 

Odor:  None  Weak  Moderate  Strong 

Any  Films  or  Immiscible  Material  _ ^ _ 

pH  )\iM. _ Temperature  rci  f'S  .3 _ 

Specific  Conductance  (pS/cm)___6540 _ _ _ 

Dissolved  Oxygen  (mg/L) _ 0^0 _ 

Redox  (mV) _ "T-SS _ 

Interim  Water  Characteristics 

^  1  . 

Gallons  Removed^ _  Time: _ 

pH _ _ 

Temperature  (°0  _ 


Specific  Conductance(pS/cm). 


5530 


Dissolved  Oxygen  (mg/L). 
Redox  (mV) _ 


0^5 


Post-Development  Information 

Water  Level: _ k)  A/V 

Approximate  Volume  Removed: 
Water  Characteristics 


Time  (Finish): _ 

Total  Depth  of  Well:. 


l\/AA 


Color _ _ _ .Clear  Cloudy 

Odor:  None  Weak  Moderate  Strong 

Any  Films  or  Immiscible  Material  _ 

pH _ Temperature  rOl  I  (d  «  Op _ 

Specific  Conductance  (pS/cm^^  5620 _ 

Dissolved  Oxygen  (mg/L) _ Qj  S _ 

Redox  (mV) _ _ 

Comments: 


l:\forms\deveIop.doc 


GROUNDWATER  SAMPLING  RECORD 


Sampling  Location  Altus  AFB  -  OU  1 
Sampling  Dates  4/07/97-4/17/97 

GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL  fO  ! 

(Identification) 

REASON  FOR  SAMPLING:  pC]  Regul^  Sampling;  [  ]  Special  Sampling; 

DATE  AND  TIME  OF  SAMPLING:  7/^  at  a.m7p.m. 

SAMPLE  COLLECTED  BY:  CM/j^ofPanons  ES  ' 

WEATHER:  a  t  OJ  ^ _ 

DATUM  FOR  WATER  DlfePTH  ME/§LrREMKNT  fPescribeV'  I  OCL  JD  5sluct  ^  FVC 


MONITORING  ^LL  CONDITION: 

LOCKED:  [  ]  UNLOCKED 

WELL  NUMBEI^^  IS  NOT)  APPARENT 

STEEL  CASING  CONDITION  IS:  . _ 

INNER  PVC  CASING  CONDTTTOVMS: 

WATER  DEPTH  MEASUREMENT  DATUM  (IS  -/8*^T)  APPARENT 
'C^  DEFICIENCIES  CORRECTED  BY  SAMPLE  COU-ECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


Check-off  till  n  J, 

1  [  ]  EQUIPMENT  CLEANED  BEFORE  USE  WITH  /  fiat  *  d  'j)/  J  uot ^ 

Items  Cleaned  (List):.  Pr3L^~ 


2[  ] 


3[  ] 


PRODUCT  DEPTH. 


JT.  BELOW  DATUM 


Measured  withr^ 


WATER  DEPTH. 


L.lo' 


_ Measured  with: 

Z2.0 


TIKE 


_FT.  BELOW  DATUM 


WATER-CONDITION  BEFORE 

Appearance; _ 3G 

Odor:  A-g- 


Y6Ii.^‘-'l6.(pc^e^<5 
E  WELL  EVACUATION  (Describe): 

5>l7^ 


Other  Comments:  ~ 


4[  ] 


WELL  EVACUATION: 


juaiiun:  ^  A  p 
Method:  (  1  rtcntt T 3  . 

Volume  Removed: _ ^ ^  ^ 


Observations: 


Water  (s^jghtjy  -  very)  xloudy 
Water  leveT^ose  -  fell  -  no  change) 
Water  odors:. 

Other  comments:. 


)  ^ 


Pagel 


age  1  of 2 


L:\fonns\gwsample.doc 


Groundwater  Sampling  Record 

Monitoring  Well  No.  0  U  1  ~0  1  (Continued) 

SAMPLE  EXTRACTION  METHOD: 

> 

[  Bailer  made  of:_^ _  ^ _ 

M  Pump, type: _ 

[  Other,  describe: _ _ 

Sample  obtained  is  pCl  GRAB;  [  ]  COMPOSITE  SAMPLE 
ON-SITE  MEASUREMENTS: 


Time 

1 

\Zol 

Temp  (®C) 

TTT" 

pH 

Cond  (|aS/cm) 

DO  (mg/L) 

0,0 

o.d 

Redox  (mV) 

■h\SO 

i~)HO 

gallons  purged 

l>o 

3<n- 

Measured  with 

Or 


SAMPLE  CONTAINERS  (material,  number,  size):. 


ON-SITE  SAMPLE  TREATMENT: 


Filtration: 


Method. 

Method. 

Method. 


Containers:. 

Containers:. 

Containers:. 


Preservatives  added: 


Method. 

Method. 

Method. 

Method. 


Containers:, 

Containers:. 

Containers:, 

Containers:, 


CONTAINER  HANDLING: 


^  OTHElt^OMMENTS:. 


[  ]  Container  Sides  Labeled 

[  ]  Container  Lids  Taped 

[  ]  Containers  Placed  in  Ice  Chest 

V  l^cll 


.. 


L;\fonns\gwsampI  e.doc 
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GROUNDWATER  SAMPLING  RECORD 


Sampling  Location  Altus  AFB  -  OU  1 
Sampling  Dates  4/07/97-4/17/97 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL 


REASON  FOR  SAMPLING:  p(]  Regul^  Sampling;  [  ]  Special  Sampling; 
DATE  AND  TIME  OF  SAMPLING:  H f9,  at  J0l£_^^p.ra. 

SAMPLE  COLLECTED  BY:  CM/j^  ofT^g^  ES  . 

WEATHER: _ ^^9  a.  _ 

DATUM  FOR  WATER  DEP^  MEASUREMENT  (D^ribe):__:3]2i£::._ 


(Identification) 

'V'  Tn.g.cu^d  4c  PVC 


MONITORING  "WELL  CONDITION: 

^  LOCKED:  ^ 

WELL  NUMBER^  IS  NOT)  APPAREOT 

G  a5k)ITION  IS:  ft 

iNiS: 


[  ]  UNLOCKED 


STEEL  CASING  i 

INNER  PVC  CASING  CONDITIONi 

WATER  DEPTH  MEASUREMENT  DATtJM  (IS  -  i^WT3)APPARENT 
DEFICIENCIES  CORRECTED  BY  SAMPLE  COtMCTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


Check-off 

1  [  ]  EQUIPMENT  CLEANED  BEFORE  USE  WTIH. 

Items  Cleaned  (Tistl:  ^'rO 


ISO  ^C^iAO 


2[] 


3[  ] 


4[  ] 


PRODUCT  DEPTH. 


JFT.  BELOW  DATUM 


Measured  with:~~ 


WATER  DEPTH 


rin - CtiXS'  - - - y, -  .-S. - 

Measured  with: _ _ 

'Q.ri  oaiiil^‘5 

INDITION  BEFORE  WELL  EVACUATION  (Describe):  ^ 


.FT.  BELOW  DATUM 


WATER-CONDITION 
Appearance: 
Odor. _ 


BEFOg^ 


•LI 


Other  Comments:^ 


WELL  EVACUATION 
Method:. 


Volume  Removed: _ ^ 


Observations:  Water  very)  cloudy 

Water  leveT^se  -  fell  -  no  change) 
Water  odors:  _ 


Other  comments:. 


L:\fonns\gwsample.doc 


Page  1  of 2 


5[  ] 


6[] 


n  ] 


8[  ] 


’Groundwater  Sampling  Record 

Monitoring  Well  No.  O  ^ —  (Continued) 

SAMPLE  EXTRACTION  METHOD; 


[  ]  Bailer  made  ofi 

IXI 


bailer  maae  or:^ _ 1  ,f  L 

Pump,  type: 


[  ]  Other,  describe;. 


Sample  obtained  is  pC]  GRAB;  [  ]  COMPOSITE  SAMPLE 
ON-SITE  MEASUREMENTS; 


Time 


Temp  (°C) 


pH 


Cond  (pS/cm) 


DO  (mg/L) 


Redox  (mV) 


gallons  purged  |  ? ,  C' 


UJO 


0.0 


iMlJtLa- 


- 

JM. 


n 


SAMPLE  CONTAINERS  (material,  number,  size);. 


ON-SITE  SAMPLE  TREATMENT; 


Measured  with 


£7 


[  ] 

Filtration: 

Method 

Containers: 

Method 

Containers: 

Method 

_  _  Containers: 

[  ] 

Preservatives  added: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

9[ 


10  [  ] 


CONTAINER  HANDLING; 


[  ]  Container  Sides  Labeled 

[  ]  Container  Lids  Taped 

[  ]  Containers  Placed  in  Ice  Chest 


OTHER  COMMENTS 


: - ^  ^ |g>  ^ 


c, 
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GROUNDWATER  SAMPLING  RECORD 


Sampling  Location  Altus  AFR  -  OIJ 1 
Sampling  Dates  4/07/97-4/17/97 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL  0^  I  -^3 


REASON  FOR  SAMPLING:  p(]  Regular  Sampling;  [^f^pecial  Sampling; 
DATE  AND  TIME  OF  SAMPLING:  at  i  Z.  /  a^in>p.m. 

SAMPLE  COLLECTED  BY:  CM^.^fPa 
WEATHER:  CaAX 


(Identification) 


DATUM  FOR  WATER  ^PTH  MfiA'SURE: 


Parsons  ES 


IREMEnT 


escribed  ~TDC  Tb  tic  TVC 


MONITORING  WELL  CONDITION: 

[^rXOCKED:  ^  [  ]  UNLOCKED 

WELL  NUMBEIUB  -  IS  NOT)  APPARENT^ 

STEEL  CASING  CONDITION  IS:_^££^L^ _ 

INNER  PVC  CASING  CONDITION  T5(: 

WATER  DEPTH  MEASUREMENT  DATUM<^  IS  NOT)  APPARENT 
[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


Check-off  t  li  n  -1 

1  [  ]  EQUIPMENT  CLEANED  BEFQRE USE  WITH  iS  e  r  <1  ( m  I  l<e.U  Lu<aJt<^ 

Items  Cleaned  fiListl:  _ 


2[  ] 


3[  ] 


PRODUCT  DEPTH  .n. 


JT.  BELOW  DATUM 


Measured  with':^ — ' 


WATER  DEPTH. 


Measured  with: 


JT.  BELOW  DATUM 


WATER-CONDITION  BEFORE  WELL  EVACUATION  (Describt): 
Appearance:  ^  _ 


Odor:__^5iaayL 


Other  Comments: J 


4  [  ]  WELL  EVACUATION:  ^  .  /ni  . 

Method:  5  ygMr  T  / 

Volume  Removed:_  - n.r 


Observations:  Water  (^li^Hy.  -  very)  cloudy 

Water  level  (“rose  -  fell  -  no  change) 
Water  odors: 


Other  comments:. 


L:\forms\gwsample.doc 
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5[  ] 


6[  ] 


7[  ] 


8[  ] 


9[  ] 


10  [  ] 


Monitoring 
SAMPLE  EXTRACTION  METHOD: 


Groundwater  Sampling  Record 

itoring  Well  No.  0  V  ^  ^  ^  (Con 


(Continued) 


[  ]  Bailer  made  of: _ 

Pump, type: _ ? ^ 

[  ]  Other,  describe: _ 


Sample  obtained  is  pC]  GRAB;  [  ]  COMPOSITE  SAMPLE 
ON-SITE  MEASUREMENTS: 


Time 

JHS'2^ 

150^ 

Measured  with 

Temp  (“C) 

IH.T 

i*i.  / 

pH 

Cond  (pS/cm) 

MoUd 

DO  (mg/L) 

0.^ 

0,1 

0,1 

0.1 

Redox  (mV) 

■Y7i:> 

15 

UL 

gallons  purged 

'U 

_ 

-S _ 

7 

SAMPLE  CONTAINERS  (material,  number,  size):. 


ON-SITE  SAMPLE  TREATMENT: 


[  ] 

Filtration:  Method 

Containers: 

Method 

Containers: 

Method 

.  Containers: 

[  ] 

Preservatives  added: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

CONTAINER  HANDLING; 


(  ]  Container  Sides  Labeled 

[  ]  Container  Lids  Taped 

[  ]  Containers  Placed  in  Ice  Chest 


OTHER  COMMENTS;. 
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GROUNDWATER  SAMPLING  RECORD 


Sampling  Location  Altus  AFB  -  OU  1 
Sampling  Dates  4/07/97-4/17/97 

GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL  0  _ 

(Identification) 

REASON  FOR  SAMPLING:  pC]  Regular  Sampl^;  [  ]  Special  Sampling; 

DATE  AND  TIME  OF  SAMPLING:  ^  f  ]  2^  U’f  at  /  ^  3 /7  a.m./p.m. 

SAMPLE  COLLECTED  BY:  CM/RN  of  Parsons  ES 

WEATHER:  .  r.f^i  A _ _ _ r— — 

DATUM  FOR  WATEk 6ePTH  MEASUREMENT  fDescribeV--Tt?C^  'll'  XP  6clUCl  L|n 


MONITORING  WELL  CONDITION: 

>C5.  LOCKED:  ^  []  UNLOCKED 

WELL  NUMBER<^  IS  NOT)  APPARENT^ 

STEEL  CASING  CONDITION  IS:  ) _ 

INNER  PVC  CASING  CONDITION  IS:*^ 

WATER  DEPTH  MEASUREMENT  DATUM^-  IS  NOT)  APPARENT 
[  ]  DEHCIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ _ 


Check-off 

1C  ] 


EQUIPMENT  CLEANED  BEFORE  US^WITH  ( 

Items  Cleaned  fListV  Luz-g*  *  ' 


2[  ] 


3[  ] 


4[  ] 


PRODUCT  DEPTH. 


IT.  BELOW  DATUM 


Measured  with:  • 


WATER  DEPTH. 


iLl^ 


I 


Measured  with:  5<g// 

~T1>  -  Twa/jlM  H 

WATER-CONDITION  BEFORE  WELL  EVACUA^ON  (Dewribe): 

Appearance:  v*i  ^  y _  ' _ 

Odor  Kg’4  g  _ ^ 


JET.  BELOW  DATUM 


Other  Comments:. 

WELL  EVACUATION: 

Method: _ 


.1 


Volume  Removed:  _  . . , _ 

Observations:  Water  -  very)  cloudy 

Water  level  (rose  -  fell  -  ho  change) 
Water  odors:  _ 


Other  comments:. 


L:\forms\gwsanipie.doc 
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Groundwater  Sampling  Record 

Monitoring  Well  No.  "  H _ (Continued) 

5  [  ]  SAMPLE  EXTRACTION  METHOD: 

[  ]  Bailer  made  of:  _ ^ _ _ 

[  ]  Pump,  type:  i  C - 

[  ]  Other,  describe:^ _ _ _ 

Sample  obtained  is  p(]  GRAB;  [  ]  COMPOSITE  SAMPLE 

6  [  ]  ON-SITE  MEASUREMENTS: 


Time 

(S2<o 

\Uc?C> 

/(,iH 

Measured  with 

Temp  (“C) 

ITT 

n.i; 

UriifT, 

pH 

Cond  (pS/cm) 

H  lb  ^ 

1W^ 

DO  (mg/L) 

0,5- 

o  .  'K 

O.'L. 

Redox  (mV) 

7 

\%% 

1  'jg 

gallons  purged 

^ _ 

_ _ 

S’ 

7  [  ]  SAMPLE  CONTAINERS  (material,  number,  size):. 


8  [  1  ON-SITE  SAMPLE  TREATMENT: 

[  ]  Filtration:  Method _ _  Containers:. 

Method _  Containers:. 

Method _ _  Containers:. 

[  ]  Preservatives  added: 

Containers:. 
Containers:. 
Containers:. 
Containers:. 


Method. 

Method 

Method. 

Method. 


9[]  CONTAINER  HANDLING: 

[  ]  Container  Sides  Labeled 

[  ]  Container  Lids  Taped 

[  ]  Containers  Placed  in  Ice  Chest 

10  [  ]  OTHER  COMMENTS:. 
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GROUNDWATER  SAMPLING  RECORD 


Sampling  Location  Altus  AFB-nrr  l 
Sampling  Dates  4/07/97  -  4/17/97 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL  011"  1-  OS 


REASON  FOR  SAMPLING:  [X]  Regulp  Spnpling;  [  ]  Special  Samgling; 
DATE  AND  TIME  OF  SAM^G:  A  nm  at  ff-30 
SAMPLE  COLLECTED  BY/tvto  olTParsons  ES~  \J(y'u.<icc\pt?A 

WEATHER:  (IMjl  ^  _ ' 

DATUM  FOR  WATER  DEPTH  MEASUm4ENT  IDescribeV  "To 


(Identification) 


.scMd  Mo  PVC 


><U:iGu.Lp 


MONITORING  WELL  CONDITION: 

[  ]  LOCKED:  M'  UNLOCKED  uct. 

WELL  NUMBER  (IS -(IS  NOiyAPPARENT  ^ 

STEEL  CASING  CONDfflQ»HS:  y\n4  UCT 

INNER  PVC  CASING  CONDITION  IS:  -fiCXJd  ^ 

WATER  DEPTH  MEASUREMENT  DATUN(S^IS  NOT)  APPARENT  ' 

[  ]  DEFICIENCIES  CORRECTED  BY  SANffLE  COLLECTOR 

(  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ _ _ 


Check-off  ,  . 

1  [  EQUIPMENT  CLEANED  BEFORE  USE  WITH  aOOCiAsJl, 

Items  Cleaned  (Listl:  _ _ _ _ 


PRODUCT  DEPTH  NA  "  tn- rft  nw  nArrnvA 

Measured  with:  — ' _ _ _ _ _  _ 

WATER  DEPTH - Zl  - - - - FT.  BELOW  DATUM 

Measured  with:  SdtLv^-l-  IVM-jdtA _ 

“TD-  30^70  IV^pJUUYL'i 

WATER-CONDITION  BEFORE  WELL  EVACUATION  (Descri^: 

Appearance: _ _ _Z _ 

Odor:_ _  yVV>&.AAJl  _ _ _ 

Other  Comments: _ ZH _ _ 


4(0-^  WELL  EVACUATION:  *  i.  n 

Method: _ 

Volume  Removed:  W  QAQOfrvt<N 

Observations:  Water  (slightlj*^-  vepj^loudy 

Water  level  (rose  ^fe^no  change) 

Water  odors:  _ 

Other  comments: _ 


L:\forms\gwsample.doc 
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I 

5[  ] 


6[  ] 


7[  ] 


Groundwater  Sampling  Record 

Monitoring  Well  No.  r)\  ,l  "■  1 "  .  (Continued) 

SAMPLE  EXTRACTION  METHOD: 


[  ] 
W 
[  ] 


Bailer  made  of:. 

Pump,  type: _ 

Other,  describe: 


Sample  obtained  is  pC]  GRAB;  [  ]  COMPOSITE  SAMPLE 


ON-SITE  MEASUREMENTS: 


Time 

Tv1 

ur 

TW 

Measured  with 

Temp  (’C) 

J5.n 

pH 

5(.I5  1 

Qr^cr^ 

Cond  (jiS/cm) 

F- 

OoCTNs  (MO 

DO  (mg/L) 

on 

G.3 

Redox  (mV) 

SIO 

gallons  purged 

lOcKxJf 

T7 


SAMPLE  CONTAINERS  (material,  number,  size):. 


8  [  ]  ON-SITE  SAMPLE  TREATMENT: 


[  ] 

Filtration:  Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

[  ] 

Preservatives  added: 

Method, 

Method. 

Method. 

Method 

9  [  ]  CONTAINER  HANDLING: 

[  ]  Container  Sides  Labeled 

[  ]  Container  Lids  Taped 

[  ]  Containers  Placed  in  Ice  Chest 

10  [  ]  OTHER  COMMENTS:. 


Containers:. 

Containers:. 

Containers:. 

Containers:. 


I 
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GROUNDWATER  SAMPLING  RECORD 


Sampling  Location  Altus  AFR-nri  i 
Sampling  Dates  AIG1I91  -  Anim 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL  Oll~  1  ~  0(g 


REASON  FOR  SAMPLING:  pC]  Regu 
DATE  AND  TIME  OF  SAMPLING 
SAMPLE  COLLECTED  BY; 
WEATHER: 


legul^  Sapling; 

i:  4finpn 

'*  of  Parsons  ES 


[  ]  Special  Sampling; 
at  I  O'- 30  /Si^D.m. 


(Identification) 


DATUM  FOR  WATER  DEPTH  MEASUREMENT  fPeal^bel:  ~Tfc>  CU. 


■h 


ML 


_ai  x-p  pvr. 


MONITORING  WELL  CONDITION; 

(  ]  LOCKED: 

WELL  NUMBER<^  IS  NOT)  APPARENT  t 

STEEL  CASING  COJbiTION  IS:  , 

INNER  PVC  CASING  CONDITION  IS: 

V'l^NOl 


Check;pff 

1  [*7  EQUIPMENT  CLEANED  BEFORE  USE  WITH  (XDyQMhlJ  ■  duttillMd ^  lOttitSyi 

T^_ _  1  ^  .  .V  ^  I^A  J  /  r  —  — 


3E^ 


4[G/ 


^  UNLOCKED 


WATER  DEPTH  MEASUREMENT  DATUN^^^  TS  NOT)  APPARENT 
[  ]  DEFICIENCIES  CORRECTED  BY  SAMira  COLLECTOR 
(  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


Items  Cleaned  IListl:  .  ^ 


PRODUCT  DEPTH. 


US: 


Measured  with; 


JT.  BELOW  DATUM 


WATER  DEPTH. 


i3.o“r 


Measured  with: 


SoJU^VAt 

^ACUATION  (Describe):  ^ 


JFT.  BELOW  DATUM 


“TD  ^ 

WATER-CONDITION  BEFORE  WELL  EVACUATION  (Describe): 

Appearance: - Ovg.d  cifAl/l  -  MXUxm 

Odor. _  AA^iy\A  0 _ 


Other  Comments: 


WELL  EVACUATION:  "  i  n  i  * 

Method: _ 


Volume  Removed:. 
Observations:  Water  {sli^l 


ligKl^  ven 


cloudy 

Water  1^1  (rose  ^lAno  change) 

Water  odors: _ ^  — 

Other  comments; _ 


L:\fonns\gwsampie.doc 
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Groundwater  Samp^g  Record 

Monitoring  Well  No.  0  (Continued) 


SAMPLE  EXTRACTION  METHOD: 


[  ]  Bailer  made  of: _ * 

Pump,  type: 


[  ]  Other,  describe:. 


Sample  obtained  is  pC]  GRAB;  [  ]  COMPOSITE  SAMPLE 


6  [  ]  ON-SITE  MEASUREMENTS: 


Time 

iO'O-i 

iO'SS" 

Measured  with 

Temp  (“C) 

\f>A 

n.1 

1- 

(JrtCfTy  7SO 

pH 

loA 

>iir\ 

W  ^OA 

Cond  (|iS/cm) 

-lO^O 

10(aO 

Onor^  1^0 

DO  (mg/L) 

On^ 

Redox  (mV) 

-as 

gallons  purged 

z 

Je_^ _ 

7  [  ]  SAMPLE  CONTAINERS  (material,  number,  size):. 


8[  ] 


ON-SITE  SAMPLE  TREATMENT: 


[  ] 

Filtration:  Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

[  ] 

Preservatives  added: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

9[]  CONTAINER  HANDLING: 

[  ]  Container  Sides  Labeled 

[  ]  Container  Lids  Taped 

[  ]  Containers  Placed  in  Ice  Chest 

10  []  OTHER  COMMENTS:. 
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GROUNDWATER  SAMPLING  RECORD 


Sampling  Location  Altus  AFB-OIJ 1 
Sampling  Dates  4/07/97  -  4/17/97 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL  TUJ-  1 


REASON  FOR  SAMPLING:  pC]  Regular  Sampling;  [  ]  Special  Sampling: 
DATE  AND  TIME  OF  SAMPLER t-/  at  ’fOO  iLiaJ^ 

SAMPLE  COLLECTED  BY:  CN^Nj  of  Parsons  E^  K‘tl<6.Ccok-  EftA 

WEATHER: _  _ 


(Identification) 


DATUM  FOR  WATER  DEPTH  MEASUREMENT  (Describe):. 


-rpc  -5hck'. 


MONITORING  WELL  CONDITION: 

[  ]  LOCKED: 

WELL  NUMBER  (IS -IS  NOT)  APPARENT  j,  , 

STEEL  CASING  CONDITION  IS:  no-f  •fGC 

nooil  * 


1^  UNLOCKED 


INNER  PVC  CASING  CONDITION  IS: 


VTliS*(I^l£5^T)  APPARENT 


WATER  DEPTH  MEASUREMENT  DAI 
[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


1  [  ]  EQUIPMENT  CLEANED  BEFORE  USE  WITH  ^  chMXjijlSui  iOtcbu 

Items  Cleaned  (List): _  ypAlLkULAy _ ^ _ 


2[  ] 


3[  ] 


PRODUCT  DEPTH. 


Measured  with:" 


WATER  DEPTH. 


Measured  with: 


1 1  ■^4' 


-n't)-  )5.?S  5 

WATER-CONDITION  BEFORE  WELL  l^ACUATION  (describe): 

Appearance: _ 

Odor. _ 


Other  Comments:. 


JT”.  BELOW  DATUM 


FT.  BELOW  DATUM 


4[  ] 


WELL  EVACUATION: 


Method: 


Volume  Removed: _ ocSULCYxS 

_ _  Tir_A _ _ \  _i _ 1 


Observations:  Water  (slightly  -  very)  cloudy 

Water  level  (rose  -  fell  -  no  change) 
Water  odors: _ 


Other  comments:. 
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Groundwater  Sampling  Record 

Monitoring  Well  No.  ' _ (Continued) 

SAMPLE  EXTRACTION  METHOD: 

[  ]  Bailer  made  of:  •  _ 

Jvf  Pump,  type:  - 

[  ]  Other,  describe: _ 

Sample  obtained  is  p(]  GRAB;  [  ]  COMPOSITE  SAMPLE 

ON-SITE  MEASUREMENTS: 


7[  ] 


Time 

Measured  with 

Temp  (“C) 

I'i.o 

'&*o" 

f^^lOnA  ^40 

pH 

Ori<rv> 

Cond  (pS/cm) 

HUoO 

<^6(0 

Ho 

DO  (mg/L) 

4.0 

u  *o 

4.  1 

Redox  (mV) 

1  lo 

luq 

\  U  b 

gallons  purged 

- 

SAMPLE  CONTAINERS  (material,  number,  size):. 


€P/4 


8  [  ]  ON-SITE  SAMPLE  TREATMENT: 


[  ]  Filtration:  Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

[  ]  Preservatives  added: 

Method 

Containers: 

Method 

Containers: 

Method  .  _ 

Containers: 

Method 

Containers: 

CONTAINER  HANDLING: 

[  ]  Container  Sides  Labeled 

[  ]  Container  Lids  Taped 

[  ]  Containers  Placed  in  Ice  Chest 

OTHER  COMMENTS:  02M 

A  r4--rL. _ _ 

—  — 
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GROUNDWATER  SAMPLING  RECORD 


Sampling  Location  Altus  AFB-OIJ 
Sampling  Dates  AlQim  -  mi m 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL . 


REASON  FOR  SAMPLING:  pC]  Regular  Sampling; 
DATE  AND  TIME  OF  SAMPIJN^"  4/l(o 
SAMPLE  COLLECTED  Pan 

WEATHER:  t  iJi 


(Identification) 


Parsons  ES 


DATUM  FOR  WATER^EPTH  MEASUREMENT  (Describe):Il22£. 


.ys"x-h  ^juid  MO  pvc 


a\<LX\.V.lC 


MONITORING  WELL  CONDITION: 

[  .]  LOCKED: 

WELL  NUMBER^5  is  NOT)  APPARENT^ 
STEEL  CASING  OSfemON  IS:_C^o^ 

ONI&Iej 


UNLOCKED 


INNER  PVC  CASING  CONDITION : 

WATER  DEPTH  MEASUREMENT  DA 
[  ]  DEFICIENCIES  CORRECTED  BY  SAMPllfi'COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe):. 


IS  NOT)  APPARENT 


1  ['^  EQUIPMENT  CLEANED  BEFORE  USE  WITH  i 

Items  Cleaned  (List"):  p  ^  ^ 


2[ 


PRODUCT  DEPTH  — 


Measured  witST 


JFT.  BELOW  DATUM 


WATER  DEPTH 


Measured  with:. 


.FT.  BELOW  DATUM 


13.^5  ^ 

WATER^CONDITION  BEFORE  W^L  EVACUATION  (Describ'^: 

Appearance:  JVJLU—  _ 


Odor. _ _ 

Other  Comments: 


T7- 


WELL  EVACUATION:  , 

Method:  V 


Volume  Removed:, 
Observations:  Watei 


Water 

Water  odors: _ 

Other  comments:. 


cloudy 
no  change) 
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5[. 


Groundwater  Sampling  Record 

Monitoring  Well  No.  _  (Continued) 

SAMPLE  EXTRACTION  METHOD: 


[  ]  Bailer  made  of:  _ _ _ 

3<J^Punip,  type: 

[  ]  Other,  describe: _ _ _ 


Sample  obtained  is  pC]  GRAB;  [  ]  COMPOSITE  SAMPLE 


6[  ] 


7[  ] 


ON-SITE  MEASUREMENTS: 


MSM 

Measured  with  | 

Temp  (°C) 

imam 

mi 

pH 

wasm 

Kssam 

m 

Cond  (jiS/cm) 

WiO 

^(c>50 

!9H 

DO  (mg/L) 

nam 

3.3 

On^  Quo 

Redox  (mV) 

mm 

wmm 

gallons  purged 

15 

SAMPLE  CONTAINERS  (material,  number,  size) 


■  flPA6CLin%pUd 


c 


8[  ] 


9[  ] 


10  [  ] 


ON-SITE  SAMPLE  TREATMENT: 


[  ] 

Filtratinn!  Method 

Containers: 

Method 

Containers:. 

Method 

Containers:. 

[  ] 

Preservatives  added: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers:. 

Method 

Containers: 

CONTAINER  HANDLING: 

[  ]  Container  Sides  Labeled 

[  ]  Container  Lids  Taped 

[  ]  Containers  Placed  in  Ice  Chest 

OTHER  COMMENTS: _ 
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GROUNDWATER  SAMPLING  RECORD 


Sampling  Location  Altus  AFB  -  OIJ 1 
Sampling  Dates  4/07/97-4/17/97 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL 


~rw3 


(Identification) 


a.m.^^jn^ 


WEATHER: 
DATUM 


>•  ‘  AiUULLi, ,  ^  ~70  f' _ •  _ u_ 

UM  FOR  WATER  DE^  MEASUREMP^NT /Describg^'r'  '  TCC  -  nJ  DSlSjyO^-.C^v^ 

jAilu>aXA-,  \aJ\\\  W  r,uir  off  OA-  i^roLLnc^  5iLrPou3ii,  yvliaAv^  upid  \s  hiulT. 


MONITORING  WELL  CONDITION: 

[  ]  LOCKED: 

WELL  NUMBER  OS  -  IS  NOT)  APPARENT 
STEEL  CASING  CONDITION  IS:  .lAJPT  StT 


Check-off 

i[tr 


2[\r 


3[LK 


4[vJ^ 


UNLOCKED  JlO  p(Xd  Ijti'  - 


INNER  PVC  CASING  CONDITION  IS:  ^ 

WATER  DEPTH  MEASUREMENT  DATU^  OS  -  ^NO 


'PARENT 

£tor 


[  ]  DEFICIENCIES  CORRECTED  BY' SAMPLE  COlXECTOR  .  / 

[  ]  MONITORING  WELL  REQUIRED  REPAIR  /descriheV  'PVC  Cu>  ,  mcuiccd  WdcdUfT) 
jrY](K^v.  coMt/ed  \^\J/ pco4tc4^ve\<U^j>j  -  pad  strt  -shotifd 
bf  Onmplp.ipa  (diiv  'it)CLCLij . 

LOaMr’ 


EQUIPMENT  CLEANED  BEFQRE  USE  WITH 
Items  Cleaned  (List): _ 


PRODUCT  DEPTH. 


JT.  BELOW  DATXnil 


Measured  with:. 


jEPLBEflQW.d>.ArUM- 


WATER  DEPTH _ 

Measured  with:  //OTbteA  _  _  _ _ 

TD  ccJilldy-^ 

WATER-CONDHION  BEFORE  WELL  EVACUATION  (Describe):  ^ 

Appearance:  bAASuPYX  -  AJL^ 


Odor 


Other  Comments: 


WELL  EVACUATION: 

Method: 


'VihuiADdAt  (L  Pbui 


Volume  Removed:, 
Observations:  Wal 


SiS. 


Wat 

Water  odors: _ 

Other  comments 


udy 

no  change) 
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5[i 


:/ 


6[  ] 


Groundwater  Sampling  Record 

Monitoring  Well  No.  ~TW3 _ (Continued) 


SAMPLE  EXTRACTION  METHOD: 


[  ]  Bmler  made  of: _ _  _ ' 

Pump,  type:  !L>iL 

(  ]  Other,  describe: _ 


Sample  obtained  is  p(]  GRAB;  [  ]  COMPOSITE  SAMPLE 


ON-SITE  MEASUREMENTS: 


Time 

3'.25p 

3-30  f 

2--36D 

Measured  with 

Temp  (“O 

\%.z 

pH 

NH 

Ttpr 

NM 

T3nr 

- - 

Cond  (pS/cm) 

(pIIO. 

^f)d€> 

OhXAa  )4p 

DO  (mg/L) 

0.^ 

O'? 

0. 1 

Redox  (mV) 

IQO 

Ob  .. 

103 

4lKu>n  1(\0A 

gallons  purged 

tLO— 

~P,0 

bWM)LL4' 

7  [  ]  SAMPLE  CONTAINERS  (material,  number,  size):_ 


8  [  ]  ON-SITE  SAMPLE  TREATMENT: 


[  ]  Filtration:  Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

[  ]  Preservatives  added: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

CONTAINER  HANDLING: 

[  ]  Container  Sides  Labeled 

[  ]  Container  Lids  Taped 

[  ]  Containers  Placed  in  Ice  Chest 

10  []  OTHER  COMMENTS:. 
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GROUNDWATER  SAMPLING  RECORD 


Sampling  Location  Altus  AFB  -  OIJ  1 
Sampling  Dates  4/07/97 -4/1 7/Q7 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL 


(Identification) 


REASON  FOR  SAMPLING:  pC]  Regular  Sampling;  [  ]  Special  Sampling; 

DATE  AND  TIME  OF  SAMPWNG:  4'/ lb  1^1  at  W  /-^n>p.m. 

SAMPLE  COLLECTED  BY^/RN  of  Parsons  F.S  t  'Dem  cf  £PA 

WEATHER: _ /iOJvMjup  ,  .Vf  t-  _ 

DATUM  FOR  WATER  DEPTH  \feASURifeMFNT  rDescl^heV.  ~T?^C  {  v\jn-t-  “ScA 


MONITORING  WELL  CONDITION: 

[  ]  LOCKED: 

WELL  NUMBER  (IS  -  rS'NO) 
STEEL  CASING  CONW 


I  APPARENT 


^ UNLOCKED 


INNER  PVC  CASING  CONDITION  IS:_ 

WATER  DEPTH  MEASUREMENT  DATUM  (IS  -  B  Npl^  APPARENT 
[  ]  DEnCIENCIES  CORRECTED  BY  SAMPLE  COCLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


I  EQUIPMENT  CLEANED  BEFORE  USE  WITH  djjjhMolL  l/yUdlA 

Items  Cleaned  IListi:  _ 


2[^ 


PRODUCT  DEPTH. 


kJA 


Measured  with: 


WATER  DEPTH  .  GS'  \r)(kS 


Measured  with 


huxl  .yVVLgdbLl 


3  WATER-CONDITION  BEFORE  WELL  EVACUATION  (Describe): 

Appearance: 

Odor: 


Other  Comments; 

4  [g---  WELL  EVACUATION: 


Method: 


Volume  Removed: 

Observations:  Wat(^(slight|y^  very)  cloudy 

:  Water  level  (rose  -  fell  -  no  change) 
Water  odors: _ 


Other  comments:. 


JT.  BELOW  DATUM 


rDELOW  DiVTUIvI 
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Groundwater  Sampling  Record 

Monitoring  Well  No.  ^  TXaJ  ^ _ (Continued) 

5  [  ]  SAMPLE  EXTRACTION  METHOD: 

[  ]  Bailer  made  of: _  _ 

bd  Pump,type:_ 

[  ]  Other,  describe:-  _ 

Sample  obtained  is  [X]  GRAB;  [  ]  COMPOSITE  SAMPLE 
6[  1  ON-SITE  MEASUREMENTS:  ^  IA3d±JlLX~ 


Time 

Measured  with 

Temp  (“C) 

pH 

Cond  (|iS/cm) 

DO  (mg/L) 

Redox  (mV) 

gallons  purged 

7  [  ]  SAMPLE  CONTAINERS  (material,  number,  size):. 


8[]  ON-SITE  SAMPLE  TREATMENT: 


Filtration: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

[  ]  Preservatives  added: 


Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Method  . 

Containers: 

9[]  CONTAINER  HANDLING: 

[  ]  Container  Sides  Labeled 
[  ]  Container  Lids  Taped 
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GROUNDWATER  SAMPLmG  RECORD 


Sampling  Location  Altus  AFB-nrr 
Sampling  Dates  4/07/97  -  4/ 17/07 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL  "Tvx>— 


REASON  FOR  SAMPLING:  pC]  Regular  Sampling;  [  ]  Special  Sampling; 
date  and  time  of  SAMPLING:  U-lU-C^7  at  wwr  a.m7p  m. 
SAMPLE  COLLECTED  BY:  CV^^N^f  Pai^ons  FS 
WEATHER:^ 


(Identification) 


lirv.  1  n£Li\.  _ 

FOR  WA  liiR  DEPTH  MEASUREMENT  (Described  'T' O  C. 


MONITORING  WELL  CONDITION: 

[  ]  LOCKED: 

WELL  NUMBEP^§)  IS  NOT)  APPARENT 
STEEL  CASING  CONDITION  IS:  u-cr^ 

INNER  PVC  CASINf;  mwnTTrnM  tc-  I 


Check-off 

1[  ] 


2[  J 


3[  ] 


4[  ] 


UNLOCKED 


INNER  PVC  CASING  CONDITION  IS:  '  _ _ 

WATER  DEPTH  MEASUREMENT  DATUM  (IS  -  I^NCJT)  APPARENT 
[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe!:  ' _ 


EQUIPMENT  CLEANED  BEFORE  USE  WITH  l^o^ropOu^of 
Items  Cleaned  fl.ist!- 


PRODUCT  DEPTH 


Measured  with: 


JFT.  BELOW  DATUM 


WATER  DEPTH 


S.2. 


Measured  with:  1 1 


JFT.  BELOW  DATUM 


WATER-CONDITION  BEFORE  WELL  EVACUATION  (Describe): 

Appearance: _ 

Odor: 


Other  Comments: 


WELL  EVACUATION:  ,  m  . 

Method:  *c 


Volume  Removed: 


uot 


^  ct  Cv _ 

Observations:  Water  (slight^-  very)  <^Wu^ 

Water  level  (rose  -  fell  -  nSE^ge) 


Water  odors:.  _ 

Other  comments:. 
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Groundwater  Sampling  Record 

Monitoring  Well  No.  ~  ~  ^ _ (Continued) 

5  [  ]  SAMPLE  EXTRACTION  METHOD; 

.  [  ]  Bailer  made  of: _ 

Pump,  type:  y, _ 

[  ]  Other,  describe: _ _ _ 

Sample  obtained  is  p(]  GRAB;  [  ]  COMPOSITE  SAMPLE 

6  [  ]  ON-SITE  MEASUREMENTS: 


Time 

!  T.oq 

Measured  with 

Temp  (®C) 

a.  1 

I  (,.3  . 

mo 

pH 

Diofl-vv 

Cond  (|iS/cm) 

uKO_. 

Or{o->^  Ho 

DO  (mg/L) 

.*2- 

Or'iOK-'  SlG 

Redox  (mV) 

2.02. 

ISO 

Owov, 

gallons  purged 

i-r  .. 

7  [  ]  SAMPLE  CONTAINERS  (material,  number,  size):. 


8  [  ]  ON-SITE  SAMPLE  TREATMENT; 


[  ] 

Filtration:  Method 

Containers: 

Method 

Containers: 

Method  _ 

Containers: 

[  ] 

Preservatives  added: 

Method 

Containers: 

Method  _ 

Containers: 

Method 

Containers: 

Method 

Containers: 

9[]  CONTAINER  HANDLING: 

[  ]  Container  Sides  Labeled 

[  ]  Container  Lids  Taped 

[  ]  Containers  Placed  in  Ice  Chest 

10  []  OTHER  COMMENTS:  .y^OLM-^Uj 
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GROUNDWATER  SAMPLING  RECORD 


Sampling  Location  Altus  APR- on  i 
Sampling  Dates  4/07/97-4/17/07 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL  ~T\WCp 

REASON  FOR  SAMPLING:  pC]  Regular  Sapling;  [  ]  Special  Sampling; 
DATE  AND  TIME  OF  SAMPLING;.  4-/ 1 0/<^  n  at  I  I  I?  /^D.m. 
SAMPLE  COLLECTED  BY;  CM^'nI  o^  Parsons  ES  — 

WEATHER: _  ^ _ 

DATUM  FOR  WATER  DEPTH  MEASUREMENT  (Describe'):  TcxC- 


(Identification) 


y- "  tv  S/.Uidux?  lie  pyc 


vy\niA-tof 


MONITORING  WELL  CONDITION; 

[  ]  LOCKED: 

WELL  NUMBER  aS  -<§^5)  APPARENT 
STEEL  CASING  CONDITION  IS: 


UNLOCKED 


INNER  PVC  CASING  CONDITION  IS;  AOOcy.  ~ 

WATER  DEPTH  MEASUREMENT  DATUM  (IS  -<N^  APPARENT 
[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


Check-off 

1  [  ]  EQUIPMENT  CLEANED  BEFORE  USE  WITH  tSopropa.(Aol  ojl  LtAsfe,/ 

Items  Cleaned  fListI:  lo-g.?  *1  '  i 


2[  ] 


3[  ] 


PRODUCT  DEPTH  — _ 

Measured  withiJUI _ _ _ _ 

WATER  DEPTH _  ^.0  _ 

Measured  with:  t 

WATER-CONDITION  BEFORE  WELL  EVACUATION  (Describe): 
Appearance: _ 

Odor:_ _ _ _ 

Other  Comments:  _ 


JT.  BELOW  DATUM 


JFT.  BELOW  DATUM 


4  [  ]  WELL  EVACUATION: 

Method: _ TL/wp 

Volume  Removed:  * 

Observations:  Water  (slightly  -  very)  ^^u^ 

Water  level  (rose  -  fell  -  no  change) 

Water  odors: _ 

Other  comments: _ ' 
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5[  ] 


6[  ] 


7[  ] 


Groundwater  Sampling  Record 

Monitoring  Well  No.  ~r\N  ^ _ (Continued) 


SAMPLE  EXTRACTION  METHOD: 


[  ]  Bailer  made  of: 


r 


Pump,  type:  . 

[  ]  Other,  describe:,  k _ 


Sample  obtained  is  [X]  GRAB;  [  ]  COMPOSITE  SAMPLE 
ON-SITE  MEASUREMENTS:  ,  /.lL\»  .  i 


Time 

\'-t0 

Measured  with 

Temp  (®C) 

15. -3 

O/’trrs 

pH 

Cond  (pS/cm) 

3Aoo 

DO  (mg/L) 

Redox  (mV) 

l^l 

bY-.0^ 

gallons  purged 

0-^ 

SAMPLE  CONTAINERS  (material,  number,  size)L 


8[  ] 


ON-SITE  SAMPLE  TREATMENT: 


9[  ] 


[  ] 

Filtration:  Method 

_  Containers:. 

Method 

_  Containers:. 

Method 

_  Containers:. 

[  ] 

Preservatives  added: 

Method 

_  Containers:. 

Method 

_  Containers:. 

Method 

_  Containers:. 

Method 

_  Containers:. 

CONTAINER  HANDLING: 

[  ]  Container  Sides  Labeled 

[  ]  Container  Lids  Taped 

[  ]  Containers  Placed  in  Ice  Chest 

10[]  OTHER  COMMENTS:_  C?A  y,ayv^dOQA 


c 
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GROUNDWATER  SAMPLING  RECORD 


Sampling  Location  Altus  AFB  -  01 J  1 
Sampling  Dates  4/07/97-4/17/97 

GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL  ^  \a/ H _ 

(Identification) 

REASON  FOR  SAMPLING;  pC]  Regular  Sampling;  [  ]  Special  Sampling; 

DATE  AND  TIME  OF  SAMi^G:  A-jlij  m  at _ a.m7p.m. 

SAMPLE  COLLECTED  BY/^M/RN  of  Pardons  ES  ■ 

WEATHER: _ ^  XL^\uvUtdiU~ ,  DO  F 

DATUM  FOR  WATER  DEPTH  MEAsijREMFl^mescriheV^'  '  —TnC. 


MONITORING  WELL  CONDITION: 

[  ]  LOCKED: _ _  M  UNLOCKED 

WELL  NUMBE^SyiS  NOT)  APPARENT  ,  ,  .ill 

STEEL  CASING  oofbmoN  IS: _ w>li  Lf 

INNER  PVC  CASING  CONDITION  TS:  Orrd 

WATER  DEPTH  MEASUREMENT  DATUM^^^^ 

[  ]  DEHCIENCIES  CORRECTED  BY  SAMra  COLLECTOR 

[  ]  MONITORING  WELL  REQUIRED  REPAIR  fdescribeV  _ 


Che^off  /I  I  ■  .  iT  I  I 

1  [  “f  EQUIPMENT  CLEANED  BEFORE  USE  WITH  fX  (/ \LLi\AM  . 

Items  Cleaned  IListI:  |AT>-P-j’^  ^ ^ 


2[^ 


3[  ] 


4[  ] 


PRODUCT  DEPTH. 


UK 


Measured  with: 


os' 


O  liA-S.-t"' 


WATER  DEPTH _ 

Measured  with: _ 

'T'D-^13.5  I3'.a/c 

WATER-CONDITION  BEFORE  WELL  EVACUATION  (Describe): 

Appearance:  f  i  <  S  J  J- _ 

Odon_ _ yYl&yy^Ji _ 


Other  Comments:. 
WELL  EVACUATION: 


Method: _ 

Volume  Removed; 


"pLc’^w.p 


Observations:  Watep-^Sfi^tlv  -  VCT^icloudy 

— *Tfose  no  change) 


Watei- 
Water  odors:. 


Other  comments:. 


JT.  BELOW  DATUM 


_FT.  BELOW  DATUM 
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Groundwater  Sampling  Record 

Monitoring  Well  No.  _ (Continued) 

5  [  ]  SAMPLE  EXTRACTION  METHOD: 

[  ]  Bailer  made  of:  _ J _ _ _ 

Pump,  type:  _ 

[  ]  Other,  describe:^ _ _ _ 

Sample  obtained  is  pC]  GRAB;  [  ]  COMPOSITE  SAMPLE 


ON-SITE  MEASUREMENTS:^^ 


Time 

Measured  with 

Temp  (®C) 

pH 

Cond  (pS/cm) 

DO  (mg/L) 

Redox  (mV) 

gallons  purged 

7  [  ]  SAMPLE  CONTAINERS  (material,  number,  size):. 


8[  ] 


9[  ] 


10  [  ] 


ON-SITE  SAMPLE  TREATMENT: 


[  ] 

Filtration:  Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

[  ] 

Preservatives  added: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

CONTAINER  HANDLING: 


[  ]  Container  Sides  Labeled 

[  ]  Container  Lids  Taped 

[  ]  Containers  Placed  in  Ice  Chest 


OTHER  COMMENTS: 


^  Ml) 
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GROUNDWATER  SAMPLING  RECORD 


Sampling  Location  Altus  AFB  -  OU  1 
Sampling  Dates  4/07/97-4/17/97 

GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL  Tuo  -  ^ ^ 

(Identification) 

REASON  FOR  SAMPLING;  pC]  Regular  Sampling;  [  ]  Special  Sampling; 

DATE  AND  TIME  OF  SAMPLING., ■4-  tS’- at  11 '.go  (Sjn/p.m. 

SAMPLE  COLLECTED  BY;  CM(^>)f  Parsons  ES  IVl'l/lcc^Vk/^:  (^A 

WEATHER; _ blT. _ 

DATUM  FOR  WATER  DEPTH  MEASUREMENT  /Describe!;  TO  C  -  S't'lc.k  ut.p _ 


MONITORING  WELL  CONDITION: 
[  ]  LOCKED; 


WELL  NUMBERl(I^S  NOT)  APPARENT 
STEEL  CASING  cSfJDITION  IS:_ 


UNLOCKED 


INNER  PVC  CASING  CONDITION  IS:  ^  _ 

WATER  DEPTH  MEASUREMENT  DATUM  APPARENT 

[  ]  DEHCIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe);. 


Check-off 


1  [  ]  EQUIPMENT  CLEANED  BEFORE  USE  WITH  I  CXrJi. 

Items  Cleaned  rListl:  plToliSi^ _ 


2[  ] 


PRODUCT  DEPTH. 


Measured  wiflir 


JT.  BELOW  DATUM 


3[ 


WATER  DEPTH. 


4.7. 


Measured  with:  So  I  _ 

WATER-CONDITION  BEFORE  WELL  EVACUATION  (Describe): 

Appearance:^ _ ^ _ •  _ 

Odor: _ _ _ 


Other  Comments:. 


FT.  BELOW  DATUM 


4  [  ]  WELL  EVACUATION: 

Method: _ 


Volume  Removed:. 
Observations:  Water  (: 


V  io» 

3 


Sy  -  very)  cloudy 
Water  level  (rose  -  fell  -  no  change) 

Water  odors; _ 

Other  comments: _ 
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Groundwater  Sampling  Record 

Monitoring  Well  No.  T'VA/  ^ _ (Continued) 

5  [  ]  SAMPLE  EXTRACTION  METHOD: 

[  ]  Bailer  made  of: _ _  _  , 

[  ]  Pump,  type:  .gle- 

[  ]  Other,  describe: _ _ _ 

Sample  obtained  is  [X]  GRAB;  [  ]  COMPOSITE  SAMPLE 

6  [  ]  ON-SITE  MEASUREMENTS: 


Time 

o 

a* 

Measured  with 

Temp  (“C) 

lU.U 

\L.  Q 

i 

- 

pH 

Cond  (^S/cm) 

5  9^0 

NO 

DO  (mg/L) 

.O 

.  O  . 

0^0 

Redox  (mV) 

gallons  purged 

(■ 


7  [  ]  .  SAMPLE  CONTAINERS  (material,  number,  size):. 


8[  ] 


ON-SITE  SAMPLE  TREATMENT: 

[  ]  Filtration:  Method 

Method 

Method 

[  ]  Preservatives  added: 

Method 

Method. 

Method. 

Method. 


Containers:, 

Containers:, 

Containers:. 


Containers:. 

Containers:, 

Containers:. 

Containers:. 


9[  ] 


10  [  ] 


CONTAINER  HANDLING: 


[  ]  Container  Sides  Labeled 

[  ]  Container  Lids  Taped 

[  ]  Containers  Placed  in  Ice  Chest 


OTHER  COMMENTS:. 


\ 


I 
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GROUNDWATER  SAMPLING  RECORD 


Sampling  Location  Altus  AFB  -  OU  1 
Sampling  Oates  4/07/97  -  4/17/97 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL 


(Identification) 

REASON  FOR  SAMPLING:  pC]  Regulp-  Spnpling;  [  ]  .Special  SampUngj..^^  xAOC-i? 

DATE  AND  TIME  OF  SAMPLING:  4/lf^/^h  at  HHB  a.m^m^  \S 

SAMPLE  COLLECTED  BY:fc^  of  Parsons  ES  -  ^7%  •  ,  ^  : 

WEATHER: _ ^  (s)‘D  'lO  p  _ 

DATUM  FOR  WATER  DEPTH  MEASUREMENTfeescribel:  UTOCL  P^C 


MONITORING  WELL  CONDITION: 

[  ]  LOCKED:  ^ 

WELL  NUMBEFfW  IS  NOT)  APPARENT  , 
STEEL  CASING  CfSlTOITTON  IS:  (TSCod 


^UNLOCKED  bo\-{td 


>OOC\ 


INNER  PVC  CASING  CONDITION  IS; 

WATER  DEPTH  MEASUREMENT  DATUI^(I^  IS  NOT)  APPARENT 
[  ]  DEFICIENCIES  CORRECTED  BY  SANO^  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe);. 


Check-off 

i[g- 


EQUIPMENT  CLEANED  BEFORE  USE  WITH  (UvdjU 

Items  Cleaned  (Lisfl:  IkjTrtlA  i/MAJl 


2[\l^ 


3[  ] 


4N^ 


PRODUCT  DEPTH  . .  S/A _ FT.  BELOW  DATUM 

Measured  with:  — _ _ _ 

WATER  DEPTH _ ^  ^  _ FT.  BELOW  DATUM 

Mea^dwift:  lAJTLtlA  DLULP  fiUS-faJL  _ 

“T  D  13.40'  O.  un 

WATER-CONDITION  BEFORE  WELL  EVACUATTON  (Describe^; 

Appearance: _ AlAhyt  /aj  d- _ 

Odor _ CJ 

Other  Comments: _ -  " " _ 


WELL  EVACUATION: 

Method: 


Volume  Removed:  ) 

Observations:  Water^lightjy'-  ve^^loudy 

Water  iBvertrose  -(^iMno  change) 
Water  odors: 


Other  comments: 
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Groundwater  Samnling  Record 

Monitoring  Well  No.  (Continued) 

SAMPLE  EXTRACTION  METHOD: 

[  ]  Bailer  made  of:  _ I _ _ 

Pump,  type:  _ 

[  ]  Other,  describe:  _ _ _ 

Sample  obtained  is  (X]  GRAB;  [  ]  COMPOSITE  SAMPLE 

ON-SITE  MEASUREMENTS:  f  .  i  ,  1  . .  n  ^ 


Time _ VV5^ 

Temp  (°C)  Q-/,  0 

_pH _ 

Cond  (pS/cm)  '^(^'*70 
DO(mg/L)  X.y 

Redox  (mV)  -b3.._ 
gallons  purged  ^ 


SAMPLE  CONTA 


-d'^-l'arr  {-I* 

INERS  (material,  number,  si2e):_ 


Measured  with 


ON-SITE  SAMPLE  TREATMENT: 
[  ]  Filtration:  Meth 


Filtration:  Method 

Containers: 

Method 

Containers:  _ 

Method 

Containers:  _ 

Preservatives  added: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

CONTAINER  HANDLING: 


[  ]  Container  Sides  Labeled 

[  ]  Container  Lids  Taped 

[  ]  Containers  Placed  in  Ice  Chest 


OTHER  COMMENTS:. 
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GROUNDWATER  SAMPLING  RECORD 


Sampling  Location  Altus  AFB  -  nil  1 
Sampling  Dates  4/07/97-4/17/97 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL  _  [Q 


REASON  FOR  SAMPLING:  PQ  Regular  S 


DATE  AND  TIME  OF  SAMPL 
SAMPLE  COLLECTED  BY: 
WEATHER: 


[G: 


liar  Sampling;  [  ]  Special  Sampling; 

H I  IID  at  I  tOO  a.m7ja^m3 


(Identification) 


oFParsons  ES 


rP/)jAA{/y.  f  55  P 

escribei:  a  ~f\ 


DATUM  FOR  WATER  DEPTH  MEASUREMENT  fPiscribei:  ^  ~fX 


u 


MONITORING  WELL  CONDITION: 

[  ]  LOCKED:  \X UNLOCKED 

WELL  NUMBER  (IS  VIS  NOTVAPPARENT  _  ,  , 

STEEL  CASING  CONDffiON  IS: _ TUyf  _ 

INNER PVC  CASING  CONDITION  IS:  C^phd^  0  'A/' -X-D  F'/C 

WATER  DEPTH  MEASUREMENT  DATUM  (I^lVl^NOT^XPPARENT 
[  ]  DEHCIENCIES  CORRECTED  BY  SAMPLE  OOECgCTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ _ 


Clw^off 


EQUIPMENT  CLEANED  BEFORE  USE  Wrra_ 

Items  Cleaned  (List):  1 1  yfh-f-P  A  OdI)^  D  iCy'^ 


/ 


PRODUCT  DEPTH  YJA-  FT.  BFJ.nw  DATUM 

Measured  with:  _  _ 


WATER  DEPTH _ _ FT.  BELOW  DATUM 

Measured  with:  'tkMA  _ 


3  [  ]  WATER-CONDITION  BEFORE  WELL  EVACUATION  (Describe): 

Appearance: _ 

Odor _ 

Other  Comments:  _ ' 


4  [  ]  WELL  EVACUATION: 

Method:  _ 

Volume  Removed:  1  _ 

Observations:  Water  (slightly  -  very)  cloudy 

Water  level  (rose  -  fell  -  no  change) 

Water  odors: _ 

Other  comments: _ 
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5[  ] 


6[  ] 


7[  ] 


8[  ] 


9[  ] 


10  [  ] 


Groundwater  Sampling  Record 

Monitoring  Well  No.  TVA/f  O  (Continued) 

SAMPLE  EXTRACTION  METHOD: 


[  1  Bailer  made  oL  .  ^ 

^  Pump,  type: 

1  _ j _ _ 


[  ]  Other,  describe:. 


Sample  obtained  is  pC]  GRAB;  [  ]  COMPOSITE  SAMPLE 
ON-SITE  MEASUREMENTS:  ^ 


Time 

1^40 

Measured  with 

Temp  (“C) 

is.z 

pH 

— 

Lh'o-v 

Cond  (|iS^m) 

DO  (mg/L) 

Redox  (mV) 

140 

gallons  purged 

SAMPLE  CONTAINERS  (material,  number,  size):. 


ON-SITE  SAMPLE  TREATMENT: 


[  ] 

Filtration:  Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

[  ] 

Preservatives  added: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

CONTAINER  HANDLING: 


[  ]  Container  Sides  Labeled 

[  ]  Container  Lids  Taped 


(  ]  Containers  Placed  in  Ice  Chest 
OTHER  COMMENTS 


ntamers  rlacea  m  ice  cnest  ^ 

- r - 
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GROUNDWATER  SAMPLING  RECORD 


Sampling  Location  Altus  AFR-nil 
Sampling  Dates  AIQ1I91  •  i,mm 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL 


'TWl 


REASON  FOR  SAMPLING:  pC]  Regulv  Sampling;  [  ]  Special  Sampling; 
date  and  time  of  SAI^UNG:  41  \b  at  a.m7D.m 

SAMPLE  COLLECTED  ' 


(Identification) 


of  Parsons  ES^ 


datum  for  WATER  DEPTH  MEAisUREMENT  IDescribe)-  i  /) 

_ _ 

— _ -  _ C 

MONITORING  WELL  CONDITION: 

[  ]  LOCKED: 

WELL  NUMBER  IS  NOT)  APPARENT 

STEEL  CASING  COOTIITION  IS: _ &e4r. 

INNER  PVC  CASING  CONDITION  IS: 


^ UNLOCKED 

acca 


1 


WATER  DEPTH  MEASUREMENT  DATUM '$^S  NOT)  APPARENT 
[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


Checkoff 

i[g/ 


2[  ] 


3[  ] 


4[  ] 


EQUIPMENT  CLEANED  BEFORE  USE  WITH  ft  P  ■  (j  (Hkll  \ M  ((±1  A 

Items  Cleaned  (List):. 


■  \^XctaL\  GAoicJU 


PRODUCT  DEPTH 


air 


Measured  with:  - 


WATER  DEPTH 


Measured  with:  lUcdcU  O 


WATER-CONDITION  BEFORE  WELL  EVACUATION  (Describe): 

Appearance: _ _ _ _ 

Odon. _ _ 


Other  Comments:. 


WELL  EVACUATION: _  .  , 

Method: 


Volume  Removed:, _ 

Observations:  Water  (slightly  -  very)  cloudy 

Water  level  (rose  -  fell  -  no  change) 
Water  odors:_ _ 


Other  comments: 


J'T.  BELOW  DATUM 


J^T.  BELOW  DATUM 
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5[  ] 


6[  ] 


7[  ] 


Groundwater  Sampling  Record 

Monitoring  Well  No.  'TWll _  _  (Continued) 

SAMPLE  EXTRACTION  METHOD: 

[  ]  Bailer  made  of:^ _ _ _ 

[  ]  Pump,  type: - - - 

[  ]  Other,  describe:^ _ _ _ 

Sample  obtained  is  p(]  GRAB;  [  ]  COMPOSITE  SAMPLE 


ON-SITE  MEASUREMENTS:  VOSja/K' 


Time 

Measured  with 

Temp  (“C) 

pH 

Cond  (pS/cm) 

DO  (mg/L) 

Redox  (mV) 

gallons  purged 

SAMPLE  CONTAINERS  (material,  number,  size):. 


8[  1 


9[  ] 


10  [  ] 


ON-SITE  SAMPLE  TREATMENT: 

[  ]  Filtration:  Method _ _  Containers:. 

Method _ _  Containers:, 

Method _ _  Containers:, 

[  ]  Preservatives  added: 

Method _ 

Method _ 

Method _ 

Method _ 

CONTAINER  HANDLING: 

[  ]  Container  Sides  Labeled 

[  ]  Container  Lids  Taped 

[  ]  Containers  Placed  in  Ice  Chest 

OTHER  COMMENTS: 


Containers:, 

Containers:. 

Containers:. 

Containers:. 
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GROUNDWATER  SAMPLING  RECORD 


Sampling  Location 
Sampling  Dates  ^ 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL 


~TW13 


REASON  FOR  SAMPLING:  pC]  Regular  Sampling;  [  ]  Special  Sampling; 
DATE  AND  TIME  OF  SAMPLING>^  I  hi  C,<\  at  \Z‘lO 

SAMPLE  COLLECTED  BY:  CM/^N/of'P  arsons  ES 

WEATHER: _  _ 

DATUM  FOR  WATER  DEPTH  MEASUREMENT  CDescribeV  'TGCL-  !sVi 


(Identification) 


MONITORING  WELL  CONDITION: 

[  ]  LOCKED:  ^  UNLOCKED 

WELL  NUMBER®  IS  NOT)  APPARENT  , 

STEEL  CASING  CONDITION  IS:  LjgT 

INNER  PVC  CASING  CONDITION  IS:  \  ^ 

WATER  DEPTH  MEASUREMENT  DATUM  (iS  -^gNpt)  APPARENT 
[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  CO^CTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


Check-off 

i[  ] 


EQUIPMENT  CLEANED  BEFORE  USE  WITH 
Items  Cleaned  IListt: 


2  [  PRODUCT  DEPTH _ 

Measured  with:  — 


WATER  DEPTH _ 

Measured  with: 


r.  BELOW  DATUM 


r.  BELOW  DATUM 


WATER-CONDITION  BEFORE  WELL  EVACUATION  (Describe): 

Appearance: _ ^ _ MCl'  b-\A<^lr— 

Odor:  0 

Other  Comments: _ _ 

WELL  EVACUATION:  ^  ^ 

Method:  _ 

Volume  Removed: _ /  •  S"  Cic.  / _ 

Observations:  Water  (slightly  -  very^  cloudy 

Water  level  (rose  -  fell  -  no  change) 
Water  ndor^- 

Other  comments: _ 
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6[  ] 


7[  ] 


Groundwater  Sampling  Record 

Monitoring  Well  No.  1  _ (Continued) 

SAMPLE  EXTRACTION  METHOD: 

[  ]  Bailer  made  of: _ : _ _ 

Pump,  type:  _ 

[  ]  Other,  describe: _ 

Sample  obtained  is  [X]  GRAB;  [  ]  COMPOSITE  SAMPLE 


ON-SITE  MEASUREMENTS: 


Time 

\1L'0Le 

12-/^ 

Measured  with 

Temp  (“C) 

I5.Z 

i^>o 

pH 

(;.b>3 

hAO 

7.CH- 

Cond  (|iS/cm) 

4tCO 

43go 

‘fdco 

Driors 

DO  (mg/L) 

0-  1 

Redox  (mV) 

121 

14 

(^3 

gallons  purged 

©.r 

/ 

).< 

SAMPLE  CONTAINERS  (material,  number,  size):. 


8  [  ]  ON-SITE  SAMPLE  TREATMENT: 


[  ] 

Filtration:  Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

[  ] 

Preservatives  added: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers:. 

9[]  CONTAINER  HANDLING: 

[  ]  Container  Sides  Labeled 
[  ]  Container  Lids  Taped 
[  ]  Containers  Placed  in  Ice  Chest 

10  []  OTHER  COMMENTS:  ^PA  KiL/l/ulild 
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GROUNDWATER  SAMPL^G  RECORD 


Sampling  Location 
Sampling  Dates  ^ 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL 


REASON  FOR  SAMPLING:  pC]  Regul^i  Sampling;  [  ]  Special  Sampling; 

DATE  AND  TIME  OF  SAMPLING^  4  I  IiTAt  at 

SAMPLE  COLLECTED  BY:  CMfl^t/pf  Parsons  E.~ .  VI  .IcP  Coo\l~  9S^P( 

DATUM  FOR  WATER  PfePTH  MEASUREMENT  fPescribeV  "TDC, 


(Identification) 


MONITORING  WELL  CONDITION: 

[  ]  LOCKED:  t^UNLOC 

WELL  NUMBER  (IS  -  IS  NOT)  APPARENT 
STEEL  CASING  CONDITION  IS:  Ro4- 
INNER  PVC  CASING  CONDITION  IS:  ^OOCX^  ^ 

WATER  DEPTH  MEASUREMENT  DATlIm  (IS  -  APF 

[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


.OCKED 


I'D  apparent 


Check-off 

1[  ] 


EQUIPMENT  CLEANED  BEFORE  USE  WITH  iSoj 
Items  Cleaned  (Listl:  _ 


PRODUCT  DEPTH  — _ _ 

Measured  withr**" _ 

WATER  DEPTH _  _ _ 

Measured  with: _ 

■  TD  I/-57 

WATER-CONDITION  BEFORE  WELL  EVACUATION  (Describe): 

Appearance: _ _ _ 

Odon. _ 

Other  Comments: _ 

WELL  EVACUA'nON:  ^  * 

Method: _ PeXL^izdCrh^ _ 

Volume  Removed: 

Observations:  Water  (slightly  -  very)  cloudy 

Water  level  (rose  -  fell  -  no  change) 

Water  odors:  _ 

Other  comments:, _ 


r.  BELOW  DATUM 


JFT.  BELOW  DATUM 
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Groundwater  Sampling  Record 

Monitoring  Well  No.  I  VA/  I  ^  (Continued) 

5  [  ]  SAMPLE  EXTRACTION  METHOD: 

[  ]  Bailer  made  of:_ _ 

[  ]  Pump,  type: - 

[  ]  Other,  describe:  _ _ _ 

Sample  obtained  is  [X]  GRAB;  [  ]  COMPOSITE  SAMPLE 

6  [  ]  ON-SITE  MEASUREMENTS: 


Time 

Measured  with 

Temp  (“C) 

pH 

Cond  (pS/cm) 

DO  (mg/L) 

Redox  (mV) 

gallons  purged 

7  [  ]  SAMPLE  CONTAINERS  (material,  number,  size):. 


eviou^K 


8[  ] 


9[  ] 


10  [  ] 


ON-SITE  SAMPLE  TREATMENT: 


[  ] 

Filtration:  Method 

Containers: _ 

Method 

Containers:  _ 

Method 

Containers:^ 

[  ] 

Preservatives  added: 

Method 
Method 
Method 
Method 

CONTAINER  HANDLING: 

[  ]  Container  Sides  Labeled 
[  ]  Container  Lids  Taped 
[  ]  Containers  Placed  in  Ice  Chest 

OTHER  COMMENTS: _ fslO  SdifVVpU,  G))li6k-(i 


Containers:. 

Containers:. 

Containers:. 

Containers:, 
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GROUNDWATER  SAMPLING  RECORD 


Sampling  Location  Altus  AFB  ~  OU  1 
Sampling  Dates  4/07/97-4/17/97 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL  /  OJ  -  >  b 


(Identification) 


REASON  FOR  SAMPLING:  pC]  Regular  Sampling;  [  ]  Special  Sampling; 

DATE  AND  TIME  OF  SAMPLING:  I  at  ^  ^  Gu^P-m. 

SAMPLE  COLLECTED  BY:  CM^of  Pai^ons  F.S 

WEATHER: _ '  _ ,-r— r 

DATUM  FOR  WATER  DEPTH  MEASUREMENT  rPescribeV 


[>fUNLOCKED 


MONITORING  WELL  CONDITION: 

[  ]  LOCKED: 

WELL  NUMBERUJ/IS  NOD  APPARENT  /  a  i. 

STEEL  CASING  CONDITION  IS:  Ko-T  C 


INNER  PVC  CASING  CONDITION  IS 
WATER  DEPTH  MEASUREMENT  DA 
[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


:  V_ _ _ 

itTUM  (IS  -  iSiO^  APPARENT 


Check-off  .  .  J  A  J) 

1  [  ]  EQUIPMENT  CLEANED  BEFOI^USE  WITH  XsopytopCL*^dj  d  i  IbJd 

Items  Cleaned  fListV^j^Lz-iZ^ _ 


2[  ] 


3[  ] 


4[  ] 


PRODUCT  DEPTH  — ' 

Measured  with:. 


FT.  BELOW  DATUM 


WATER  DEPTH _ _ 

Measured  with:  ^  I  o  pcL  n,  - 

in.o? 

WATER-CONDmON  BEFORE  WELL  EVACUADON  (Describe): 


Appearance:. 
Odor: _ 


Other  Comments: 


.FT.  BELOW  DATUM 


Other  comments:. 
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Groundwater  Sampling  Record 

Monitoring  Well  No.  \  **  I  _ (Continued) 

* 

5  [  ]  SAMPLE  EXTRACTION  METHOD: 

[  ]  Bailer  made  of: _ _ _ — 

[  ]  Pump, type: _ ^ 

[  ]  Other,  describe: _ _ _ 

Sample  obtained  is  pC]  GRAB;  [  ]  COMPOSITE  SAMPLE 

6  [  ]  ON-SITE  MEASUREMENTS: 


Time 

'Od 

q-  i-r 

'-i'f 

Measured  with 

Temp  (°C) 

\'5.3 

ife,  8 

It. a 

lb*  C=> 

pH 

Cond  (|iS/cm) 

S54.0 

5530 

'5'S'5o 

DO  (mg/L) 

0 

.S' 

Redox  (mV) 

xss 

’Ll.  (a 

3.  *5lO 

gallons  purged 

AsaL 

7  [  ]  SAMPLE  CONTAINERS  (material,  number,  size):. 


8[  ] 


9[  ] 


10  [  ] 


ON-SITE  SAMPLE  TREATMENT: 

[  ] 

[  ] 


Filtration:  Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Preservatives  added: 

Method 

Containers: 

Method 

Containers: 

Method  . 

Containers: 

Method 

Containers: 

CONTAINER  HANDLING: 


[  ]  Container  Sides  Labeled 

[  ]  Container  Lids  Taped 

[  ]  Containers  Placed  in  Ice  Chest 


OTHER  COMMENTS:. 


h<xj/^\6r<L 
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GROUNDWATER  SAMPLING  RECORD 


Sampling  Location  Altus  APR- nr  f  1 
Sampling  Dates  4/07/Q7- 4/17/07 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL  U/  L  ^  1 


REASON  FOR  SAMPLING:  pC]  Regular  Sampling;  [  ]  Special  Sampli 
DATE  AND  TIME  OF  SAMPLING:  at/  '3^<‘  a.m 

E~ 


SAMPLE  COLLECTED 
WEATHER: _ 


SY:( 


(Identification) 


DATUM  FOR  WATER  DEPTH  MEASUREMENT  fPescribeV  . 


(scAxd  ^o) 

_ _ 1 


MONITORING  WELL  CONDITION: 


S  WEI 

[4a( 


[If  LOCKED:  ^ 

WELL  NUMBER/W  is  NOT)  APPARENT 
STEEL  CASING  OOfemON  IS: _ 


[  ]  UNLOCKED 


Qpxl  - 

ND-nAPPi^ 


INNER  PVC  CASING  CONDITION  IS: 

WATER  DEPTH  MEASUREMENT  DATUN((i^IS  NOT)  APPARENT 
[  ]  DEHCIENCIES  CORRECTED  BY  SAMTCEXOLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ _ 


Check-off 

1  [<-f^  EQUIPMENT  CLEANED  BEFORE  USE  WITH. 

Items  Cleaned  (List): _ 


4[cJ^ 


alcjihAP.  (tuMQjiA.iAm-bu 


PRODUCT  DEPTH. 


EE 


_FT.  BELOW  DATUM 


Measured  with: 


I 


WATER  DEPTH _ 

Measured  with: _ 

WATER-CONDITION  BEFORE  WELL  EVACUATION  (Desmbe): 

Appearance:  /*  _ _ 

Odor:  /ynTf/A- _ 


.FT.  BELOW  DATUM 


Other  Comments:. 


WELL  EVACUATION: 

Method: 


Volume  Removed:. 
Observations:  Water! 


very)  cloudy 
Water  le^  (rose  -  fell  -  no  change) 

Water  odors:  _ 

Other  comments: _ 
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5[  ] 


6[  ] 


7[  ] 


Groundwater  Sampling  Record 

Monitoring  Well  No.  W  I-  ~  r)  I  (Continued) 

SAMPLE  EXTRACTION  METHOD: 


[  ]  Bailer  made  of: 

ty  Pump,  type:  |>  P.r  j  7?7Ll 

[  ]  Other,  describe: _ 


Sample  obtained  is  pC]  GRAB;  [  ]  COMPOSITE  SAMPLE 


K* 


ON-SITE  MEASUREMENTS: 


Time 

1*5  IX 

liHO 

N^asured  with 

Temp  (°C) 

N.S 

m.7 

m .  € 

pH 

7,2.-? 

7,  2.1 

7,^2. 

Cond  (pS/cm) 

JWo 

too 

DO  (mg/L) 

^r/cTA  lUC’  • 

Redox  (mV) 

J 

U  > 

}(,J 

gallons  purged 

7- 

£ 

SAMPLE  CONTAINERS  (material,  number,  size):. 


8[  ] 


9[  ] 


10  [  ] 


ON-SITE  SAMPLE  TREATMENT: 


[  ] 

Filtration:  Method 

Containers: 

Method 

Containers: 

Method 

Containers:. 

[  ] 

Preservatives  added: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

CONTAINER  HANDLING: 


[  ]  Container  Sides  Labeled 

[  ]  Container  Lids  Taped 

[  ]  Containers  Placed  in  Ice  Chest 


OTHER  COMMENTS 
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GROUNDWATER  SAMPLING  RECORD 


Sampling  Location  Altus  AFB  -  OU  1 
Sampling  Dates  4/07/97-4/17/97 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL  ^  t-0}^ 


REASON  FOR  SAMPLING:  pq  Regular  Spring;  [  ]  Special  Samling; 
DATE  AND  TIME  OF  SAMPLING:  '//^H  f  at  ^  (^Jv.rn. 
SAMPLE  COLLECTED  BY:  CM/0  qFP ES 
WEATHER; 


(Identification) 


DATUM  FOR  WATER  DEPTH  MEASUREMENT /Described  TT>C'^  >40  ?\IC- 

_ _ _ _ 


MONITORING  WLL  CONDITION; 

\v\  .OCKED; 

WELL  NUMBEft^  -  IS  NOT)  APPARENT  ^ 
STEEL  CASINCjCONDITION  IS:__Sf£££^ 
INNER  PVC  CASING  CONDITION  TS:4-  ood 


[  1  UNLOCKED 


WATER  DEPTH  MEASUREMENT  DA' 

[  ]  DEFICIENCIES  CORRECTED  BY  SAi 


IS  NOT)  APPARENT 
COLLECTOR 


[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe):. 


Check-off 

1[  ] 


EQUIPMENT  CLEANED  BEFORE  USE  WITH  > 

Items  Cleaned  (Uisfi:  _ 


ol  1 4>j t~ 


2  [  ]  PRODUCT  DEPTH  _ FT.  BELOW  DATUM 

Measured  with:^  _ 

WATER  DEPTH  5  ^  _ FT.  BELOW  DATUM 

Measured  with:  J  i  _ _ _ _ 

33-0' 

3  [  ]  WATER-CONDITION  BEFORE  ^LL  EVACUATION  (Describe): 

Appearance:  _ 

Odor:  /vutrvty 

Other  Comments: _ _ 

4  [  ]  WELL  EVACUATION:  ^ 

Method: _ 5 

Volume  Removed:  ^ 

Observations:  Water  (^<^ly  -  very)  cloudy 

Water  lev^I  (rose  -  fell  -  no  change) 

Water  odors:_!^^2=^=s _ 

Otiier  comments: _ 
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5[  ] 


6[  ] 


Groundwater  Sampling  Record 

Monitoring  Well  No.  W  U  I  ^ _ (Continued) 

SAMPLE  EXTRACTION  METHOD: 


[  ]  Bailer  made  of: _ 

[  ]  Pump,  type: _ f 

[  ]  Other,  describe: _ 


Sample  obtained  is  [X]  GRAB;  [  ]  COMPOSITE  SAMPLE 
ON-SITE  MEASUREMENTS: 


Time 

Measured  with 

Temp  (“C) 

74v_5 

/ri.4r 

pH 

Cond  (pS/cm) 

4140 

HliO 

DO  (mg/L) 

0.0 

0.0 

0.6 

On  (O' 

Redox  (mV) 

'LZt. 

14  ^ 

gallons  purged 

7- 

-5- 

.■-2_ 

7  [  ]  SAMPLE  CONTAINERS  (material,  number,  size):. 


8[  ] 


ON-SITE  SAMPLE  TREATMENT: 


[  ] 


[  ] 


Filtration:  Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Preservatives  added: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

9[  ] 


CONTAINER  HANDLING: 


[  ]  Container  Sides  Labeled 

[  ]  Container  Lids  Taped 

[  ]  Containers  Placed  in  Ice  Chest 


10  [  ] 


OTHER  COMMENTS 


;  A  1*^ 
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GROUNDWATER  SAMPLING  RECORD 


Sampling  Location  Altus  AFB  -  OU  1 
Sampling  Dates  AIQ1I91  -  Al\im 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL 


REASON  FOR  SAMPLING:  pC]  Regular  Sampling;  [  ]  Special  Sampling;-  ^  ^ 

DATE  AND  TIME  OF  SAMPLING:  'j  H p at  X  I 

SAMPLE  COLLECTED  BY:  CM/feti^fVar^ES 


(Identification) 


WEATHER: _ /  ^ _ 

DATUM  FOR  WATER  DEPTH  MEA|6rEMENT  (Describe):_lXj^ 


:t|e 


Far^BES 


?J'  Xh  SZAJid  <40  PlU 


MONITORING^LL  CONDITION: 

LOCKED:  / 


WELL  NUMBEHJ^- IS  NOT)  APPARENT  ^ 
STEEL  CASING  CONDITION  IS: 


[  ]  UNLOCKED 


INNER  PVC  CASING  CONDITION  IS:. 

WATER  DEPTH  MEASUREMENT  DATUI^^^S  NOT)  APPARENT 
[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


Check-off 

i[  ] 


EQUIPMENT  CLEANED  BEFORE  USE  WITH  i' x  o  f 
Items  Cleaned  fListV  ~P^  >-'»»  L 


I  -t  <c/i  'IU£ 


2[  ] 


3[  ] 


4[  ] 


PRODUCT  DEPTH  - - FT.  BELOW  DATUM 

Measured  withrjTI _ _ _ 

WATER  DEPTH _ /  ^  ®ELOW  DATUM 

Measured  with:  If  o', -i  i*  _ 

“TD-  2(f,i'  ,  'puA^Ve^.  (a.3 

WATER-CONDITION  BEFORE  WELL  EVACUATION  (Describe): 

Appearance:  _ _ 

Odor: _ />c>  _ _ _ 

Other  Comments:  _ 


WELL  EVACUATION:  i  D , 

Method:  jj*  ‘-'^i 


Volume  Removed:. 
Observations:  .Water. 


ly  -  very)'  cloudy 
Waterlevei  (rose  -  fell  -  no  change) 

Water  odors:  _ 

Other  comments: _ 


-  I  O 
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Groundwater  Sampling  Record 

Monitoring  Well  No.  6j  (Continued) 

5  [  ]  SAMPLE  EXTRACTION  METHOD: 

]  Bailer  made 
]  Pump,  type: 

[  ]  Other,  describe: _ _ 

Sample  obtained  is  p(]  GRAB;  [  ]  COMPOSITE  SAMPLE 


9[  ] 


10  [  ] 


ON-SITE  SAMPLE  TREATMENT: 

[  ]  Filtration:  Method _  Containers:. 

Method _  Containers:. 

Method _  Containers:. 

[  ]  Preservatives  added: 

Method 
Method 
Method 
Method 

CONTAINER  HANDLING: 


Contamers:. 

Containers:. 

Containers:. 

Containers:. 


[  ]  Container  Sides  Labeled 

[  ]  Container  Lids  Taped 

[  ]  Containers  Placed  in  Ice  Chest 


OTHER  COMMENTS:. 
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GROUNDWATER  SAMPLING  RECORD 


Sampling  Location  Altus  AFR  -  011  1 
Sampling  Dates  4/07/97-4/17/97 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL 


bJL 


REASON  FOR  SAMPLING:  pC] 
DATE  AND  TIME  OF  SAMPLING: 
SAMPLE  COLLECTED 
WEATHER: 


Regularsampling; 


DATUM  FOR  WATER  DE] 


[  ]  SjDecial  SampliM* 
at  i  a.nu/p!r^ 


(Identification) 


JUS  CO  A 

^T  (Descri|^):_ 


-rnC.  1>JC 

_ ^Clc 


MONITORING  WELL  CONDITION: 

[1^  LOCKED: 

WELL  NUMBEg^^^S  NOT)  APPARENT 
STEEL  CASING  CONDITION  IS:  ^e> 


[  ]  UNLOCKED 


INNER  PVC  CASING  CONDITION  IS:. 

WATER  DEPTH  MEASUREMENT  DATUyf^-  IS  NOT)  APPARENT 
[  ]  DEHCIENCIES  CORRECTED  BY  SAMPCE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe):. 


Check-off 

1[  ] 


EQUIPMENT  CLEANED  BEFORE  USE  WITH 

Items  Cleaned  (List): _ 


2[  ] 


3[  ] 


4[  ] 


PRODUCT  DEPTH  — ^ _ FT.  BELOW  DATUM 

Measured  with:  _ 

WATER  DEPTH  L  I  ^  _ FT.  BELOW  DATUM 

Measured  with:  _ 

WATER-CONDITION  BEFORE  WELL  EVACUATION  (Desmbe): 

Appearance:  I  ILaw  _ 

Odor; _ _ _ 

Other  Comments: _ 


WELL  EVACUATION:  , 

Method:  P^rt-S-Tg-^-jK  i  C-' 

n.s- 


Volume  Removed:.  ^  _ 

Observations:  Water  (sJig&^~i  very)  cloudy 

Water  level  (rose  -  fell  -  no  change) 
Water  odors: 


Other  comments:. 
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5[  ] 


6[  ] 


7[  ] 


Groundwater  Sampling  Record 

Monitoring  Well  No.  ^  1-  -  ^  2-  I _ (Continued) 

SAMPLE  EXTRACTION  METHOD: 


[  ]  Bailer  made  of: _ - 

Pump. type:  f  f  i'i  4a  iTa.  ]  l  C- 

[  ]  Other,  describe: _ 


Sample  obtained  is  pC]  GRAB;  [  ]  COMPOSITE  SAMPLE 
ON-SITE  MEASUREMENTS: 


Time 


njo 


iim 


Measured  with 


Temp  (°C) 


11.4 


1L± 


pH 


o 


Cond  (pS/cm) 


yoeo 


DO  (mg/L) 


0^ 


0.  o 


Redox  (mV) 


HH 


gallons  purged  [  *Z. 


7 


SAMPLE  CONTAINERS  (material,  number,  size):. 


8[  ] 


9[  ] 


10  [  ] 


ON-SITE  SAMPLE  TREATMENT: 

[  ] 

Filtration:  Method 

Containers: 

Method 

Containers: 

Method  _ 

Containers: 

[  ] 

Preservatives  added: 

Method 

Containers: 

C 

Method 

Containers: 

Method 

Containers:  _  _  _ 

Method 

Containers: 

CONTAINER  HANDLING: 

[  ]  Container  Sides  Labeled 

[  ]  Container  Lids  Taped 

[  ]  Containers  Placed  in  Ice  Chest 

OTHER  COMMENTS:  A 

5^  • — 
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GROUNDWATER  SAMPLING  RECORD 


Sampling  Location  AltiK  AFR  -  OU  1 
Sampling  Dates  4/07/97-4/17/97 


JNG  WELL - 

^  ^  (Identification) 

REASON  FOR  SAMPLING:  pC]  ReguIyjSjpjpJigg:  [  ]  Special  Sampling; 

atJjJ^,jJg_J^5/p.m.  mo 


DATE  AND  TIME  OF  SAMPLING: 
SAMPLE  COLLEC 
WEATHER: 


DATUM  FOR  WATER  DEPTH  MEASUREMENT  fPescribeV 


MONITORING  WELL  CONDITION: 

U  LOCKED: 

^^LLNUMBER(^  IS  NOT)  APPARENT  ^ 
STEEL  CASING  CONDITION  IS: 


\  ]  UNLOCKED 


INNER  PVC  CASING  CONDITION  IS: _ 

WATER  DEPTH  MEASUREMENT  DATU^^  IS  NOT)  APPARENT 
[  ]  DEFICIENCIES  CORRECTED  BY  SAMHS  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


Check-off  .  .  -  i 

1  [  ]  EQUIPMENT  CLEANED  BEFORE  USE  WITH  fy2>pa.ni,l 

Items  Cleaned  (List):__ _ _ 


2[  ] 


3[  ] 


4[  ] 


PRODUCT  DEPTH. 


JT.  BELOW  DATUM 


Measured  with: 


WATER  DEPTH 


~7. 


Measured  with: 

“TD  ^  ;)3,‘5 


_FT.  BELOW  DATUM 


WATER-CONDITION  BEFORE  WELL  EVACUATION  (Describe): 
Appearance:. 

Odor:  ^ 


Other  Comments:. 


WELL  EVACUATION:  ,  a,- 

Method:  , _ 

Volume  Removed:_ 

Observations:  Water  -  very)  cloudy 

Water  level  (rose  -  fell  -  no  change) 

Water  odors:  ^  _ 

Other  comments: _ 
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[  ]  Container  Sides  Labeled 

[  ]  Container  Lids  Taped 
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GROUNDWATER  SAMPLING  RECORD 


Sampling  Location  Altus  AFR  -  OTJ  1 
Sampling  Dates  4/07/97  -  4/1 7/97 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL  IaJ  Z— "  O^D 


REASON  FOR  SAMPLING:  pC]  Regular  Sampling;  [  ]  Specif  S 

DATE  AND  TIME  OF  SAMPLINGrftO  ^  _  at  ‘ 

SAMPLE  COLLECJED  BY:  CM^ofP^is  F.S 
WEATHER:  nO  cJ /suJZ 


(Identiflcation) 


DATUM  FOR  WATER  DEPTH  I^SUREMENT  fPescribeV  ■i'<OC 


MONITORING  ^LL  CONDITION: 

LOCKED:  ^ 

WELL  NUMBER^-  IS  NOT)  APPARENT 
STEEL  CASING  CONDITION  IS: _ Qj 


[  ]  UNLOCKED 


INNER  PVC  CASING  CONDITION  IS:._^ _ _ 

WATER  DEPTH  MEASUREMENT  DATttvi^)  IS  NOT)  APPARENT 
[  ]  DEHCIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


Check-off 

1[  ] 


EQUIPMENT  CLEANED  BEFORE  USE  WITH  !  •^c/(  pll 

Items  Cleaned  ILisri:  ,  -  ■ 


2[  ] 


3[  ] 


4[  ] 


PRODUCT  DEPTH  — _ FT.  BELOW  DATUM 

Measured  with:  _ 

WATER  DEPTH _ •  _ FT.  BELOW  DATUM 

Measured  with:  '^1 

TD-  13-5^  Yot.  3.1  a.ajLL(>vuS 

WATER-CONDITION  BEFORE  WELL  EVACUATION  (Describe): 

Appearance:  C.  OUT _ ^ _ _ _ _ _ _ 

Odor:. _ r\o^  _ ;; _ ■ 

Other  Comments:  _ _  _ 


WELL  EVACUATION:  . 
Method: 


U\;. 


Volume  Removed: 
Observations:  Water 


JgWiy  -  very)  cloudy 
Water  level  (rose  -  fell  -  no  change) 

Water  odors:  _ 

Other  comments: _ 


L:\fonns\gwsample.doc 
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5[  ] 


6[  ] 


7[  ] 


Groundwater  Sampling  Record 

Monitoring  Well  No.  _  (Continued) 

SAMPLE  EXTRACTION  METHOD: 


Bailer  made  of:_»AA£_ 
Pump,  type:_£^H^2iE 
Other,  describe: _ 


Sample  obtained  is  pC]  GRAB;  [  ]  COMPOSITE  SAMPLE 


ON-SITE  MEASUREMENTS: 


Time 

Measured  with 

Temp  (°C) 

Wr 

pH 

IW 

Cond  (pS/cm) 

Hnoo 

U%si> 

DO  (mg/L) 

o.\ 

g'jL- 

Redox  (mV) 

HI 

\bL 

gallons  purged 

_f _ ! 

> 

3 

H 

5 

SAMPLE  CONTAINERS  (material,  number,  size):. 


8  [  ]  ON-SITE  SAMPLE  TREATMENT: 


[  ] 

Filtration:  Method 

Containers:. 

Method 

Containers:. 

Method 

Containers:. 

[  ] 

Preservatives  added: 

Method 

Containers: 

Method 

Containers:. 

Method 

Containers: 

Method 

Containers: 

9  [  ]  CONTAINER  HANDLING: 

[  ]  Container  Sides  Labeled 

[  ]  Container  Lids  Taped 

[  ]  Containers  Placed  in  Ice  Chest 

10  []  OTHER  COMMENTS:_ 
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GROUNDWATER  SAMPLING  RECORD 


•-A  ‘r 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL 


Sampling  Location  Altus  AFB-OU  1 
§ampling  Dates  4/07/97  -  4/17/97 

UL-dhJ 


REASON  FOR  SAMPLING:  pq  Regular  j 
DATE  AND  TIME  OF  SAMPLING:  _ 

SAMPLE  COLLECTED  B^:  CM^N  of  Pafeons  ES 


legular  Sampling; 
N  ofPamons  ES 


[  ]  Special  Samplingi^ 


(Identification) 


WEATHER:  VO  _ _ 

DATUM  FOR  WATER  DEPTH  MeX^SIIRE>^T  (]  Describe): -Toe 
•'9  '  -  i.v' 


MONITORIN(^WELL'-CCa4DITION:*  ••  r  -  * ". '"j  "TV  "  '.  “n 

V’  [i.uNLOQgro 

WELfe  IjlUi^EI^I^S  NOT>  APPARENT^'  -f  r. : ' 

'STEEL  CASING  CONDITION  IS: 

INNER  PVC  CASING  CONDinON  IS: 

WATER  DEPTH  MEASUREMENT  DATUNfTlS^IS  NOT)  APPARENT 
[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


Check-off 
1[  ] 


EQUIPMENT  CLEANED  BEFORE  USE  WITH  I  ( /gjp 

Items  Cleaned  IListV  F*  *'~0  _ _ 


2[  ] 


3[  ] 


4[  ] 


PRODUCT  DEPTH  ~~ 


_FT.  BELOW  DATUM 


Measured  with: ' 


WATER  DEPTH  ^  ^ 

Measured  witii: 


JFT.  BELOW  DATUM 


3+.o' 

WATER-CONDITION  BEFORE  WELL  EVACUATION  (Describe)  V 

Appearance:_C_^a2.^ij^; _ 

Odon_  _ 


Other  Comments:. 


WELL  EVACUATION: 

Method: _ 


Volume  Removed:  ■  )  S  o<^. 


Observations:  \  Wafer  (^jjgh^  -TYwy)  cibudy 

Water  leVS^se  -  fell  -  no  change) 
Water  odors:  _ 


Other  comments: 


3H 

3 
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Groundwater  Sampling  Record 

Monitoring  Well  No.  _ (Continued) 

5  [  ]  SAMPLE  EXTRACTION  METHOD; 

[  ]  Bailer  made  (rf:  .  .  . _ 

Pump,. type:  k  ^  .  __ 

\  "  I  1  -OAer,  describe: _ 

Sample  obtained  is  pC]  GRAB;  [  ]  COMPOSITE  SAMPLE 

6  [  ]  ON-SITE  MEASUREMENTS:  "  *  • 


asm 

asm 

53r 

IBSSl 

Temp  (°C) 

um 

maim 

niKB 

ima 

pH 

ixn 

mem 

MU 

Cond  (pS/cm) 

^100 

ESESI 

Roai 

SlOO 

S'lOO 

DO  (mg/L) 

IlkB 

Mmmm 

nan 

/.  / 

1.^ 

Redox  (mV) 

ICf 

m 

A 

msm 

im 

gallons  purged 

nS 

■ 

■M 

_J _ 1 

7  [  ]  SAMPLE  CONTAINERS  (material,  number,  size):. 


9[  ] 


10  [  ] 


ON-SITE  SAMPLE  TREATMENT: 

i  I  ’  • 

[  ]  Filtration:  Mediod 

Containers: 

Method 

Containers: 

Method 

Containers: 

[  ]  Preservatives  added: 

Method _ 

'  ^  Containers:  _ 

Method _ 

Containers: 

Method _ 

Containers: 

Method _ 

Containers: 

CONTAINER  HANDLING: 


[  ]  Container  Sides  Labeled 

[  ]  Container  Lids  Taped  ^ 

[  ]  Containers  Placed  ih  ice  CKert 


V  «  >  . 


OTHER  COMMENTS:, 
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groundwater  sampling  record 

•  V  -  ->  .i . 


Sampling  Location  Alms  AFR.nrr  i 
Sampling  Dates  4/07/97 .4/17/07 


•.r>  ..-r.*,  vw 

GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL 


bjlJ'Olo-U 


REASON  FOR  SAMPLING:  pC]  RegulafySampling; 
DATE  AND  TIME  OF  SAMPLINC 
SAMPLE  COLLECTED  BY:. 

WEATHER:_  HO 


t:  pC]  Regular 
ofEac 


arsons  ES 


[  ]  Special  Sampling;. 

at  .55  *7 _ /^3y^./ 


(Identification) 


U 


DATUM  FOR  WATER  DEPTH  MEASUREMfeOT  rPesaibeV 


MONITORING  W^.L^NDITION:  V.  ^ 

^'UNLOCKED 

\}(EtDNyi^ESZ^JS.NOT7  APPARENT^  -  \  -J-j. 

STEEL  CASING  CONDITION  IS:  '  '  "  •  ‘ 

INNER  PVC  CASING  CONDITION 

WATER  DEPTH  MEASUREMENT  DATUM^^  IS  NOT)  APPARENT 
[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


Check-off  L  /  D  e 

1  [  ]  EQUIPMENT  CLEANED  BEFORE  USE  WITH 

Items  Cleaned  (Tisri:  _ 


2  [  ]  PRODUCT  DEPTH  _Z _ _ FT.  BELOW  DATUM 

Measured  with:^  _ _ _ 

WATER  DEPTH - 57  ,  _ FT.  BELOW  DATUM 

Measured  with:  _ _ _ _ 

l^>0'  Twa;^V(j4L.  oMllevxs 

3  [  ]  WATER-CONDITION  BEFORE  WELL  EVACUATION  (Describe):  ^ 

Appearance:  _ _ _ _ 

Odor:  _ 

Other  Comments: _ _ _ 

4  [  ]  WELL  EVACUATION:  . 

Method: _  _ ^  _ 

Volume  Removed:  8 

>  Observations:  •  .  ’W^ey*(BigiUly  f  y^)  cloudy 

'  Water  level  (rose  -  fell  -  no  change) 

Water  odors:  ^  _ 

Other  comments: _ ' 


11 
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5[  ] 


Monitoring 
SAMPLE  EXTRACTION  METHOD: 


Groundwater  Sampling  R 

itoring  Well  No. 


Record 

(Continued) 


\  1  Bailer  made  of: _  . 

..  V  Pump,  type: 


V  [-'J^  Othfer,  describe:. 


Sample  obtained  is  \X]  GRAB;  [  ]  COMPOSITE  SAMPLE 


6[  ] 


ON-SITE  MEASUREMENTS: ' 


r> ' 


Time 

fW' 

ra 

T1 

Measured  with 

Temp  (®C) 

tvT 

n.i 

n.T 

pH 

Tir 

i-oh 

rr^ 

"].n_ 

Cond  (^S/cm) 

[,IVV_ 

(s\0^ 

DO  (mg/L) 

‘hV 

0, 0 

Or^ViO 

Redox  (mV) 

\X 

"RT" 

gallons  purged 

4^— 

-S_ 

7[] 


SAMPLE  CONTAINERS  (material,  number,  size):. 


8J-  L  "v  /  ONiSITE  SAMPLE  TREATMENT: 

[  ] 


[  ] 


Filtration:  ^eSiodJlJL— 

Method _ 

Method _ 

Preservatives  added: 


Containers:. 

Containers:. 

Containers:. 


Method  >  * 

Method_J.lIli:21:. 

Method _ 

Method _ 


.  ‘  Containers:. 
Containers:. 
Containers:. 
.  Containers:. 


9[  ] 


CONTAINER  HANDLING: 


10  [  ] 


[  ]  Container  Sides  Labeled 
[  ]  Container  Lid^.Taged  V  .  .  ,  ' 
[  ]  Containers  Placed  m  fee  Oiest  *  *' 

OTHER  COMMENTS: _ SfA 
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y '  0 


GROUNDWATER  SAMPLING  RECORD 


Sampling  Location  Altus  AFB  -  OI J I 
Sampling  Dates  4/07/97  -  4/17/97 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL . 


stains 


REASON  FOR  SAMPLING:  PQ  Reguli 
DATE  AND  TIME  OF  SAMPLING:  M 
SAMPLE  COLLECTED  BY:(^ 
WEATHER; 


I^Smj 

I  po  I  0| 


tpling: 

on _ 


of  Parsons  ES 


[  ]  Special  Sampling; 
at  _ a.mjf^ 


(Identification) 


- - 

DATUM  FOR  WATER  DEPTH  MEASUREMENT  fPescrib^grt:  ' 


PVC- 


MONITORING  WELL  CONDITION: 

[  ]  LOCKED:  ^ 

WELL  NUMBEr((IS)-  IS  NOT)  APPARENT, 
STEEL  CASING  CONDITION  IS:  AO/rj 


r>^  UNLOCKED  bol+cd 


INNER  PVC  CASING  CONDITION  IS:  7  hrri 


WATER  DEPTH  MEASUREMENT  DATUMi0)-  IS  NOT)  APPARENT 
[  ]  DEHCIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe):; _ 


Checkoff 

l[q/ 


EQUIPMENT  CLEANED  BEFORE  USE  WITH  Cj^C&Yl9')C  i .  A 

Items  Cleaned  (List^l:  I  ^  ^  U 


PRODUCT  DEPTH  hJA  FT.  BELOW  D  ATUM 

Measured  with:  — _ 

WATER  DEPTH _ _ FT.  BELOW  DATUM 

Measured  with:  uAStS  ■■</'  _ 

~TV  )Z.O'  btJLuO'T'OO  '  "puX^v/cm 

WATER-CONDmON  BEFORE  WELL  EVACUATION  (Describe): 

Appearance:  diSJ^ - - 

Odor. _ 

Other  Comments: _ 


WELL  EVACUATION: 

Method: _ 


•’:0 


Volume  Removed; 
Observations:  Watei 


Other  comments:. 
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5n 


6[l>' 


7[  ] 


Groundwater  Sampling  Record 

Monitoring  Well  No.  jO  E>  (Continued) 


SAMPLE  EXTRACTION  METHOD; 


[  ]  Bailer  made  of:  _ ' 

fxj  Pump,  type: 

[  ]  Other,  describe: _ 


Sample  obtained  is  pC]  GRAB;  [  ]  COMPOSITE  SAMPLE 
ON-SITE  MEASUREMENTS: 


Time 

Measured  with 

Temp  (°C) 

pH 

Cond  (|iS/cm) 

DO  (mg/L) 

Redox  (mV) 

gallons  purged 

SAMPLE  CONTAINERS  (material,  number,  size) 


•  (Kn 


8  [  ]  ON-SITE  SAMPLE  TREATMENT; 


[  ] 

Filtration:  Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

[  ] 

Preservatives  added: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

9[]  CONTAINER  HANDLING: 

[  ]  Container  Sides  Labeled 
[  ].  Container  Lids  Taped 
[  ]  Containers  Placed  in  Ice  Chest 

10  []  OTHER  COMMENTS:_ _ 
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GROUNDWATER  SAMPLING  RECORD 


Sampling  Location  Altus  AFB  -  OU  1 
Sampling  Dates  mim-Amm 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL 


S5io  D 


(Identification) 


REASON  FOR  SAMPLING:  pC]  Regul^  Sapling;  [  ]  Special  Samplmg: 

DATE  AND  TIME  OF  SAMPLWG:  4  J  |0  at  a.m7©. 

SAMPLE  COLLECTED  BY:<6^RN  oflParsons  ES  r-  o — 

WEATHER; _ U.(>.li-T-  /\n  t  ,  ^  r  _ 

DATUM  FOR  WATER  DEPTH  MEASUREMENT  (Describe'):  loC-  -XD  PVC 


MONITORING  WELL  CONDITION:  a 

[  ]  LOCKED:  JU  UNLOCKED 

WELL  NUMBER  aS  -  IS  NOT)  APPARENT^^ 


STEEL  CASING  CONDITION  IS:, 


INNER  PVC  CASING  CONDITION  IS:  /?. 


WATER  DEPTH  MEASUREMENT  DATUNf  HS  J  IS  NOT)  APPARENT 
[  ]  DEFICIENCIES  CORRECTED  BY  SAMPfcE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


Chec^ff 


4[. 


EQUIPMENT  CLEANED  BEFORE  USE  WITH. 


Items  Cleaned  (Listl:  ^  0  /T 


(\  0t^'y\S4  rl,{jdUMkJ iC'Cu^  r 


-Tit-}- 


PRODUCT  DEPTH. 


W 


_FT.  BELOW  DATUM 


Measured  with: 


WATER  DEPTH. 


_FT.  BELOW  DATUM 


Measured  with:. 


"TD  ^1.3' kloioToo  ?i^V54 

WATER-CONDITION  BEFORE  WELL  EVACUATION  (Describe):  O 

Appearance:  OOd  aJ\ _ ^ _ 

Odon. _  _ 


Other  Comments:. 


WELL  EVACUATION 


Volume  Removed: 
Observations:  Watef'tslightl; 


cloudy 

change) 


Other  comments:. 
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5[  ] 


7[  1 


Groundwater  Sampling  Record 
Monitoring  Well  No.  [0  Tp  (Continued) 


SAMPLE  EXTRACTION  METHOD: 


[  ]  Bailer  made  of:_ 

[  ]  Pump,  type: - 

[  ]  Other,  describe:. 


Sample  obtained  is  fX]  GRAB;  [  ]  COMPOSITE  SAMPLE 
ON-SITE  MEASUREMENTS: 


Time 

Measured  with 

Temp  (°C) 

pH 

Cond  (pS/cm) 

DO  (mg/L) 

Redox  (mV) 

gallons  purged 

SAMPLE  CONTAINERS  (material,  number,  size) 


No 


8[  ] 


9[  ] 


10  [  ] 


ON-SITE  SAMPLE  TREATMENT: 


[  ] 


[  ] 


Filtratinn!  Method 

Containers: 

Method 

Containers:. 

Method  _ 

Containers: 

Preservatives  added: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers:, 

CONTAINER  HANDLING: 


[  ]  Container  Sides  Labeled 

[  ]  Container  Lids  Taped 

[  ]  Containers  Placed  in  Ice  Chest 


OTHER  COMMENTS:. 
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GROUNDWATER  SAMPLING  RECORD 


5  i  i 

^  f  ■ 


c 


Sampling  Location  Altus  AFB  -  OU  1 
Sampling  Dates  4/07/97  -AIM  191 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL . 


115 


REASON  FOR  SAMPLING:  pC]  Regular  Sampling; 
DATE  AND  TIME  OF  SANC^JNG:  H  wl^n 
SAMPLE  COLLECTED  BY^M/RN  df  Persons  ES 
WEATHER: _ _ 


[  ]  Special  Samplir 
at  4' 


(Identification) 


DATUM  FOR  WATER  DEPTH  MEASUREMENT  (Describe):. 


-n£)r  . 


MONITORING  WELL  CONDITION: 
[  ]  LOCKED: 


WELLNUMBEE 
STEEL  CASINGN 
INNER  PVC  CASING  CONDITION  IS:. 


IS  NOT)  APPARENT 
)NDITIONIS: _ 


^  UNLOCKED 

/ _ 


WATER  DEPTH  MEASUREMENT  DATUM  (IS  yiS'NOT)  APPARENT 
[  ]  DEHCIENCIES  CORRECTED  BY  SANMXOLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


Check-^ 

i[^r 


EQUIPMENT  CLEANED  BEFORE  USE  WT 
Items  Cleaned  (List): _ 


PRODUCT  DEPTH. 


322; 


JFT.  BELOW  DATUM 


Measured  with: 


3[  ] 


WATER  DEPTH _  _ 

Measured  with:  J  / /"^  J/  P ~ 

\\ns''^o(L  w 

WATER-CONDITION  BEFORE  WELL  EVACUATION  (Describe): 

Appearance: _ 

Odor:. _ ^ _ 


Other  Comments:, 


_ ^FT.  BELOW  DATUM 


4  [  ]  WELL  EVACUATION: 

Method: _ 

Volume  Removed: _ 

Observations:  Water  (slightly  -  very)  cloudy 

Water  level  (rose  -  fell  -  no  change) 

Water  odors: _ 

Other  comments:^ _ ^ _ 


L:\forms\gwsampte.doc 


Page  1  of 2 


5[  ] 


6[  ] 


7[  ] 


Groundwater  Samplii^  Record 

Monitoring  Well  No.  $/3  /  /  (Continued) 

SAMPLE  EXTRACTION  METHOD: 


[  ]  Bailer  made  of:_ 
(  ]  Pump,  type: _ 


[  ]  Other,  describe:. 


Sample  obtained  is  pC]  GRAB;  [  ]  COMPOSITE  SAMPLE 
ON-SITE  MEASUREMENTS:  [OCL^er  {t) 


Time 

Measured  with 

Temp  (°C) 

pH 

Cond  (|iS/cm) 

DO  (mg/L) 

Redox  (mV) 

gallons  purged 

SAMPLE  CONTAINERS  (material,  number. 


’,  size); 


dr 


BaSSpE 


'fi 


8  [  ]  ON-SITE  SAMPLE  TREATMENT: 


[  ] 

Filtration:  Method  _ 

Containers: 

Method 

Containers: _ 

Method 

Containers: 

[  ] 

Preservatives  added: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers:  _ 

9[]  CONTAINER  HANDLING: 

[  ]  Container  Sides  Labeled 
[  ]  Container  Lids  Taped  . 

[  ]  Containers  Placed  in  Ice  Chest 

10  []  OTHER  COMMENTS: _ 
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GROUNDWATER  SAMPLING  RECORD 


Sampling  Location  Altus  AFR-Oir  I 
Sampling  Dates  4/Q7/97- 4/17/07 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL  '3'B  I  ( 


REASON  FOR  SAMPLING:  pC]  Regular  Sapling;  [  ]  Special  Sampli 

at 


(Identification) 


DATE  AND  TIME  OF  SAMPUNG:  4  ; 

SAMPLE  COLLECTED  BY^M/RN  of  Parsons  ES 
WEATHER: _ 


a.m./p.m 


DATUM  FOR  WATER  DEPTH  MEASUREMENT  fPescrit^  TDd  T.t^  T^IC 


-45"^ 


MONITORING  WELL  CONDITION: 

[  ]  LOCKED: 

WELL  NUMBE]!^^  IS  NOT)  APPARENT 
STEEL  CASING  CCJiGDITION  IS: _ 


UNLOCKED 


bol'ltrf 


T7 


INNER  PVC  CASING  CONDITION  IS:  _ _ 

WATER  DEPTH  MEASUREMENT  DATUNL^>lIS  NOT)  APPARENT 
[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


1  EQUIPMENT  CLEANED  BEFORE  USE  WITH  ,A44LPf}0^C  ,  fj.  I  IhkH 

Items  Cleaned  rListI:  l/d?)  j J  >/ j/  '  '  c 

_ 1 _ 

PRODUCT  DEPTH. 


IK 


Measured  with:  - 


JFT.  BELOW  DATUM 


WATER  DEPTH _  ^ _ 

Measured  with:  (a  )  (bfcfc-\  /"/vi 


JFT.  BELOW  DATUM 


3[  ] 


4[  ] 


_  VU  _ _ _  .  -  ,  ^  .  _ _ _  , 

■nv  zo.o'ncc.  Ofji 

WATER-CONDITION  BEFORE  WELL  EVACUATION  (Describe):  O 

Appearance:  C  / 1  f, .  _ 

Odor. _  U  f\ 


Other  Comments:. 


WELL  EVACUATION:  . 

Method: 


Volume  Removed:. 
Observations:  Water 


I  -b  fl> 


Qtmis 


_  very)  cloudy 

Water  level  (rose  -  fell  -  no  change) 

Water  odors: _ 

Other  comments: _ 


L:\fonns\gwsampie.doc 
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5[  ] 


6[  ] 


7[  ] 


Groundwater  Sampling  Record 

Monitoring  Well  No.  \  _ (Continued) 

SAMPLE  EXTRACTION  METHOD: 


[  ]  Bailer  made  of:  _  _ 

Pump,  type:  ^  - 

[  ]  Other,  describe: _ _ _ 

Sample  obtained  is  \X]  GRAB;  [  ]  COMPOSITE  SAMPLE 

ON-SITE  MEASUREMENTS: 


Time 

Measured  with 

Temp  (°C) 

\n.\ 

n,a 

in.l 

pH 

Cond  (pS/cm) 

5300 

Ho 

DO  (mg/L) 

t.l 

Redox  (mV) 

13, H- 

n^>c^ 

Ov*  r 

gallons  purged 

<f.o 

1-^ 

1,0 

SAMPLE  CONTAINERS  (material,  number,  size):. 


11 


AA  <Y-r(c^ 


8  [  ]  ON-SITE  SAMPLE  TREATMENT; 


[  ] 

Filtration:  Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

[  ] 

Preservatives  added: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

9[]  CONTAINER  HANDLING: 

[  ]  Container  Sides  Labeled 
[  ]  Container  Lids  Taped 
[  j  Containers  Placed  in  Ice  Chest 

10  []  OTHER  COMMENTS: _ _ _ 
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GROUNDWATER  SAMPLING  RECORD 


Sampling  Location  Altus  APR  -  nr r  i 
Sampling  Oates  AIQl^l  -  4/1 7/07 

GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL  S  F  C  "7' t) 

REASON  FOR  SAMPLING:  p(]  Regular^ 

DATE  AND  TIME  OF  SAMPLING;^ 

SAMPLE  COLLECTCD  BY: 

WEATHER: 


(Identification) 

ripling;  [  ]  Special  Sampling^  J  (J 

at a.m/(jjm/ 


DATUM  FOR  WATER  DEPTIj;;^ASTmE^^.TfflT>esc^iheV  ~T0C^ 


MONITORING  WELL  CONDITION: 

[  ]  LOCKED: 

WELL  NUMBER  (IS  -  IS  NOT)  APPARENT 
STEEL  CASING  CONDITION  IS:. 


.r 


'.X 


1 

KJiNi  ^ 

1  'Tnr  TO  "v 


UNLOCKED 


INNER  PVC  CASING  CONDITION  IS 
WATER  DEPTH  MEASUREMENT  DATUK^^-  IS  NOT)  APPARENT 
[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
(  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


Check-off 

i[  ] 


EQUIPMENT  CLEANED  BEFORE  USE  WITH  i’l  lU/  y 

Items  Cleaned  IListl:  _ _ _ 


2[  ] 


3[  ] 


4[  ] 


PRODUCT  DEPTH. 


Measured  with:  ~* 
WATER  DEPTH 


Measured  with:  "5^  / 


WATER-CONDITION  BEFORE  WELL  EVACUATON  (Describe): 
Appearance: 


Odor: 


Other  Comments:. 
WELL  EVACUATION: 


JUATiON:  y  ✓  / 

Method: 

Volume  Removed: 

Observations:  Water  (bUg^ly  - 


JT.  BELOW  DATUM 


_FT.  BELOW  DATUM 


very)  cloudy 
Water  level  (rose  -  fell  -  no  change)  ' 

Water  odors:  ^  o  *'<— <  _ 

Other  comments: 


n 
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Groundwater  Sampling  Record 

Monitoring  Well  Na5^/  -4  (Continued) 

5  [  ]  SAMPLE  EXTRACTION  METHOD: 

(  ]  Bailer  made  of; _  * _ 

i<]  Pump,  type:  f  S  t  * 

[  ]  Other,  describe: _ 

Sample  obtained  is  p(]  GRAB;  [  ]  COMPOSITE  SAMPLE 

6  [  ]  ON-SITE  MEASUREMENTS; 


Time 

Measured  with 

Temp  (“C) 

//'? 

/2  / 

/a.  3- 

pH 

Cond  (pS/cm) 

Jf/p 

DO  (mg/L) 

3,i 

Redox  (mV) 

W/ 

gallons  purged 

a.25... 

AJl^ 

/.3 

/7 

7[  ]  '  SAMPLE  CONTAINERS  (material,  number,  size):. 


8[  ] 


9[  ] 


10  [  ] 


ON-SITE  SAMPLE  TREATMENT: 

[  ]  Filtration:  Method. 


[  ] 


Method 

Method _ ^ 

Method_ii. 


CONTAINER  HANDLING; 


[  ]  Container  Sides  Labeled 

[  ]  Container  Lids  Taped 

[  ]  Containers  Placed  in  Ice  Chest 


Containers;. 


Containers:. 

Containers;. 

Containers:. 


OTHER  COMMENTS 


L:\forms\gwsample.doc 


Page  2  of 2 


% 


4.» 


GROUNDWATER  SAMPLING  RECORD 


Sampling  Location  Altus  AFB  -  OU  1 
Sampling  Dates  mim  •AI\1I<^1 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL . 


REASON  FOR  SAMPLING:  [X]  Re^ar  Spipling;  [  ]  Special  Sampling: 
DATE  AND  TIME  OF  SAMPLING:  ^  10  at  S-<S>0  a.mi6!rm) 

SAMPLE  COLLECTED  By;j^M>RN  of  Parsons  HS 
U/TTATTmj-  - ^  tii  /*  J  J  -4- 


(Identification) 


,  L  O'-**- 


WEATHER:. 

DATU'M  FOR  WATER  DEPTH  MEASUREMENT  (Describe):. 


-for^  }^"XD  PVO' 


MONITORING  WELL  CONDITION: 

[  ]  LOCKED:  ^ 

WELL  NUMBEl^gS^-  IS  NOT)  APPARENT 
STEEL  CASING  CONDITION  IS: 


^  UNLOCKED  k)W^  hctS^ci 


INNER  PVC  CASING  CONDITION  IS:  ^ 

WATER  DEPTH  MEASUREMENT  DATUM(5!Ss  NOT)  APPARENT 
[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


Checks 
1 


heck^eff 


EQUIPMENT  CLEANED  BEFORE  USE  WITH  ^  [(. 

Items  Cleaned  ITistl: 


PRODUCT  DEPTH. 


EE 


JT.  BELOW  DATUM 


Measured  with:- 


WATER  DEPTH 


^.3 


Measured  with:  'aI  JljLULp 


n'O  IS, <95  O.'oQ?  QO-U 

WATER-CONDITION  BEFORE  WELL  EVACUATION  (Describe): 

Appearance: _ o-V0L<^V) 

Odon _ 


_FT.  BELOW  DATUM 


IT 


Other  Comments:. 


WELL  EVACUATION: 


Method: 

Volume  Removed:.  ^  H"  1  c^aX)  h 


_ 1  o\oJ) 

Observations:  Water  (slightly  ^eg^oii^  ^ 

Water  level  (rose 
Water  odors: 


ellr^o  change) 


Other  comments: 
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Groundwater  Sampling  Record 

Monitoring  Well  No.  S  ^  (Continued) 

5[^  SAMPLE  EXTRACTION  METHOD: 


6[  ] 


7[  1 


[  ]  Bailer  made  oL, 

[v^^ump,  type: _ 

[  ]  Other,  describe: 


Sample  obtained  is  pC]  GRAB;  [  ]  COMPOSITE  SAMPLE 


ON-SITEMEASUREMENTS:|^^  \^)0dO.y-4o 


Time 

Measured  with 

Temp  (°C) 

pH 

Cond  ()LiS/cm) 

DO  (mg/L) 

Redox  (mV) 

gallons  purged 

SAMPLE  CONTAINERS  (material,  number,  size):  A  ^,<Zr)r\.GJhzC( 


8[  ] 


9[  ] 


10  [  ] 


ON-SITE  SAMPLE  TREATMENT: 

[  ] 

[  ] 


Filtration:  Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Preservatives  added: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

CONTAINER  HANDLING: 

[  ]  Container  Sides  Labeled 

[  ]  Container  Lids  Taped 

(  ]  Containers  Placed  in  Ice  Chest 

OTHER  COMMENTS: _ 
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GROUNDWATER  SAMPLING  RECORD 


4  ,.4:^ 


0 


.0" 


Sampling  Location  Altus  AFB  -  OU  I 
Sampling  Dates  4/07/97-4/17/97 


GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL 


SBlCpT) 


REASON  FOR  SAMPLING:  p(]  Regular,  S 
DATE  AND  TIME  OF  SA 
SAMPLE  COLLECTED  B 
WEATHER: _ 


(Identification) 

iling;  [  ]  Special  Sampling: 

fe) 


DATUM  FOR  WATER  DEPTH  MEASUH^EMENT  fPescribeV  "To  '?\/CJ 


MONITORING  WELL  CONDITION: 

[  ]  LOCKED: 

WELL  NUMBERpS ^S  NOT)  APPARENT 
STEEL  CASING  CDfTOITION  IS: _ 


^UNLOCKED 

(I 


INNER  PVC  CASING  CONDITION  IS:  - - 

WATER  DEPTH  MEASUREMENT  DATUM  ^  I^NOT)  APPARENT 
[  ]  DEFICIENCIES  CORRECTED  BY  SAMP^  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


Check-^ff 

i[-r 


EQUIPMENT  CLEANED  BEFORE  USE  WITH  ~h<AhMkd^ I 

Items  Cleaned  fListI: 


4[v^ 


PRODUCT  DEPTH. 


KIA 


Measured  with:  — 


JFT.  BELOW  DATUM 


WATER  DEPTH 


IQ.  1 0'  Toe. 


Measured  with:  Jlo.Dfj/ 


_FT.  BELOW  DATUM 


WATER-CONDITION  BEFORE  WELL  EVACUATION  (Describe): 
Appearance:  _ ’ 

Odor:_ _ .^ViC-yUB 


Other  Comments: 


WELL  EVACUATION: 
Method: 


Volume  Removed: 


nUr/v-P 


-s:  I  ‘naJ? 


Other  comments: 
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Groundwater  Sampling  Record 

Monitoring  Well  No.  _ (Continued) 

5  SAMPLE  EXTRACTION  METHOD: 

[  ]  Bailer  made  of: _ _ 

Pump,  type:  _ 

[  ]  Other,  describe:  _ 

Sample  obtained  is  [X]  GRAB;  [  ]  COMPOSITE  SAMPLE 

6  [  ]  ON-SITE  MEASUREMENTS:  4KDU^  '\o 


Time 

Measured  with 

Temp  (“C) 

pH 

Cond  (pS/cm) 

DO  (mg/L) 

Redox  (mV) 

gallons  purged 

8[  ] 


ON-SITE  SAMPLE  TREATMENT: 


[  ] 

Filtration:  Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

[  ] 

Preservatives  added: 

.  Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

Method 

Containers: 

9[]  CONTAINER  HANDLING: 

[  ]  Container  Sides  Labeled 
(  ]  Container  Lids  Taped 
[  ]  -Containers  Placed  in  Ice  Chest 

10  []  OTHER  COMMENTS: _ _ 
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Displacement  (ft) 


.lEHT:  AFCEE 

company:  Parsons  Engineering  Science 

ication:  Altus  flFB,  Oltusj  Oklahona 

PROJECT:  72Z450.3605G 

Slug  Test  Data  Analysis 


DATO  SET: 
OU_1_01A.DAT 


06/05/37 


AQUIFER  nODEL: 
Unconf ined 

SOLUTION  NETHOD: 
Bouuex^Rice 


PROJECT  DATA: 
test  date:  4/14/97 
test  uell:  NA 
obs.  uell:  OU-1-01 


TEST  DATA: 
H0=  0.313  ft 
rc=  0.167  ft 
r„=  0.5  ft 
L  =  15.  ft 
b  =  25.  ft 
H  =  19.25  ft 


PARAMETER  ESTIMATES: 
K  -  0.01003  ft/nin 
yO  =  0.269  ft 


AQTESOLU 


Displac 


CLIENT:  ftfCEE _ 

LOCATION:  (iltus  (iFBj  AltuSj  OklahoBci 


COI 


PW 


Slug  Test  Dat< 


ANv:  Parsons  Engineering  Science 


ect:  mmhm 


Analysis _ 

DATA  SET: 
OU_1_01B.DAT 
06/05/97 _ 

AQUIFER  NQDEL: 
Unconf ined 
SOLUTION  NETHOD: 
Bouuer-Rice 

PROJECT  DATA: 
test  date:  4/14/97 
test  uell :  NA 
obs.  uell:  OU-1-01 


TEST  DATA: 
HO=  0.38  ft 
rj.=  0.167  ft 


la  ^  •  1  U 

b  =  25.  ft 
H  =  19.25  ft 


PARANETER  ESTIMATES: 
K  =  0.01693  ft/min 
yO  =  0.4509  ft 


AQTESOLU 


Displacement  (ft) 


,IEHT:  flFCEE _ 

icflTioH;  flltus  HFBj  dltuSj  OklahoPid _ 

Slug  Test 


1. 


0.1 


0.01 


0. 


2.8  4.2 


Time  (min) 


1.4 


conPAMv:  Parsons  Engineering  Science 


PROJECT:  72Z450,36(B0 


Data  Analysis _ 

DATA  SET: 
OU_1_01C.DAT 

— ] — I — I — I — I — 06/05/97 

-  AQUIFER  nODEL: 

~  Unconf ined 

“  SOLUTIOM  METHOD: 

Houuer-Rice 

PROJECT  DATA : 

_  test  date:  4/14/97 

test  uell:  NA 
obs.  well:  OU-1-01 


TEST  DATA: 
H0=  0.337  ft 
rc=  0.167  ft 


JU  M-Jf  m  M, 

b  =  25.  ft 
H  =  19.25  ft 


PARAMETER  ESTIMATES: 
K  =  0.01342  ft/min 
yO  =  0.3876  ft 


I  I  I  I  I  I 

5.6  7. 


AQTESOLU 


Displa 


CLIENT 


:  m 


cohpant:  Parsons  Engineering  Science 


LOCATION:  AltUS  flFBi  flltUSi 


PROJECT 


:  72Zfi0, 36650 


Slug  Test  Data  Analysis 


DATA  SET: 

OU  1  OID.DAT 
06^5/97 


AQUIFER  nODEL: 
Unconf ined 
SOLUTION  NETHOD: 
Bouuer-Rice 


PROJECT  DATA: 
test  date:  4/14/97 
test  well:  NA 
obs.  well:  OU-1-01 


TEST  DATA: 
H0=  0.363  ft 
Tc=  0.167  ft 
r„=  0.5  ft 


L  =  15. 
b  =  25. 


ft 
ft 

H  =  19.25  ft 


PARANETER  ESTINATES: 
K  =  0.0135  ft/min 
y0  =  0.2945  ft 


AQTESOLU 


Displacement  (ft) 


lEMT:  flFCEE 


COMPAMV: 


Parsons  Engineering  Science 


CATION:  dltus  ftFB,  ftltus,  Oklahoma 


PROJECT 


:  722450.36050 


Slug  Test  Data  Analysis 


DATA  SET: 

OU_1_01E.DAT 

06/05/97 


AQUIFER  NODEL: 
Unconf ined 

SOLUTION  METHOD: 
Bouuer-Rice 


PROJECT  DATA: 
test  date:  4/14/97 
test  uell :  NA 
obs.  well:  OU-l-Ol 


TEST  DATA: 
H0=  0.347  ft 
0.167  ft 


la  ~  X«J  .It# 

b  =  25.  ft 
H  =  19.25  ft 


PARAMETER  ESTIMATES: 
K  =  0.01383  ft/nin 
yO  =  0.4151  ft 


AQTESOLU 


CLIEHT;  ftFCEE _ 

LOCATION:  (tltus  flFBj  AltuSj  Okldhopid 

Slug 


1. 


FTTT 


0.1 


I  1  I  i  I  I  I  i  I  I 


0.001 


Parsons  Engineeriiig  Science 


ojECT:  7ZZ450. 36650 


ftTia  lysis 

DATA  SET: 
OU_1_01F.DAT 
06/05/97 _ 

AQUIFER  MODEL: 
Unconf ined 
SOLUTION  METHOD: 
Bouuer-Rice 


PROJECT  DATA: 
test  date:  4/14/97 
test  well :  NA 
obs.  well:  OU-1-01 


TEST  DATA: 
H0=  0.397  ft 
0.167  ft 


JL4  ^  •  1 

b  =  25.  ft 
H  =  19.25  ft 


PARAMETER  ESTIMATES: 
K  =  0.01654  ft/min 
y0  =  0.4419  ft 


Aquifer  Slug  Test  Data  Sheet 


Location  Altus  AFB  -  O 
Job  No.  722450.36020 

Water  Level _ 

Measuring  Datum  ~r i 
Weather  .  iJ' 

Comments  ^ 


Client  AFCEE  Well  ID  UJL  (Hfl 

Field  Scientist  CM/RN  Date 

Total  Well  Depth  I  5'' Ktlcu.0  TCP. _ 

Elevation  of  Datum  |E40?i8/ _ 

Temp  _ 


Beginning 

Ending 

Time 

Time 

\i^,ZZO 

iH,tZ0 

5>- 

0:00  5' 

!u,  5ii 

)4 ,  1 4  >4 

Test  Type  File  Name 
(Rise/Fall) 


Comments 


tAoT  sAve 


I  joi  |\a]iq(:GD 


\AlL0(a^P 
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Displac 


CLIEMT:  AFCEE  _ 


LOCATION:  Altus  AFB|  AltiiSj  OUdhoBci 


coHPAHv:  Parsons  Engineering  Science 


PROJECT:  7Z2450.36e 


0.001 


L  =  5.  ft 
b  =  11.5  ft 
H  =  10.  ft 


PARANETER  ESTIHATES: 
K  =  0.005789  ft/m in 
yO  =  2.086  ft 


2.4  3.6 

Time  (min) 


AQTESOLU 


Displacement  (ft) 


lEMT:  flFCEE 

conimiy:  Farsons  Engiiffiering  Science 

CATION:  flltus  AFi,  Altus,  Oklahoma 

PROJECT:  722456.36850 

Slug  Test  Data  Analysis 

Df)Tf)  SET: 

UL060B.D0T 

06/05/97 


0QUIFER  MODEL: 
Unconf ined 

SOLUTION  METHOD: 
Bouuer-Rice 


PROJECT  D0T0: 
test  date:  4/13/97 
test  well:  MA 
obs.  uell:  UL060 


TEST  DATA: 
H0=  2.112  ft 
rc=  0.083  ft 
r„=  0.333  ft 
L  =  5.  ft 
b  =  11.5  ft 
H  =  10.  ft 


PARAMETER  ESTIMATES: 
K  =  0.005237  ft/rain 
yO  =  2.053  ft 


1.2 

5.6  : 

) 

AQTESOLIL 


CLIEMT:  (iFCEE 

COHPANV: 

Parsons  Engineering  Science 

LOCATION:  Altus  flFBj  AituSj  Oklahoiiia 

PROJECT: 

722456.36650 

Slug  Test  Data  Anal 

ysis 

DATA  SET: 

UL060D.DAT 

10. 

=11  1  1  1  1  1  M  1  1  1  1  1  1  1  1  1  1 

1  1  1  H 

06/05/97 

-III 

- 

AQUIFER  MODEL: 

_ 

_ 

Unconf  ii^ 

SOLUTION  METHOD: 

Eouuei*-Rice 

N. 

PROJECT  DATA: 

1. 

_ 

— — 

test  date:  4/13/97 

— 

test  uell:  NA 

I 

obs.  uell:  IIL060 

m 

— 

TEST  DATA: 

H0=  2.146  ft 

/d 

r£.=  0.083  ft 

P4 

tA 

ru=  0.333  ft 

S  0.1 

— 

L  =  5.  ft 

<••••<••  ♦ 

— 

b  =  11.5  ft 

_  . 

H  =  10.  ft 

— 

PARAMETER  ESTIMATES: 

~ 

K  =  0.00588  ft/nin 

\ 

y0  =  2.096  ft 

0.01 

1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  1  .1 

Xi  1  1 

0 

1.4  2.8  4.2  5.6  7 

• 

Tine  (min) 

ftQTESOLU 


Displacement  (ft) 


lEMT 


:(ffCEE 


(3JHPAMV: 


Parsons  Engineering  Science 


icATion:  dltus  Bltus,  Okialiona 


PBOJECT 


:  722450,36058 


Slug  Test  Data  Analysis 


DATA  SET: 
UL060E.DAT 
06/05/^ _ 

AQUIFER  MODEL: 
Unconf ined 
SOLUTION  METHOD: 
Bouuer-Rice 

PROJECT  DATA: 
test  date:  4/’13/97 
-test  well:  MA 
□bs.  well:  UL060 


TEST  DATA: 
H0=  2.206  ft 
r-=  0.083  ft 
r„=  0.333  ft 
L  =  5.  ft 
b  =  11.5  ft 
H  =  10.  ft 


PARAMETER  ESTIMATES: 
K  =  0.0O581S  ft/nin 
yO  =  2.019  ft 


AQTESOLU 


CLIENT:  OFCEE 


LOCATION:  filtus  Mt,  Altus,  OklatioMd 


COMPANY:  PapsoDs  Engineering  Science 


PROJECT:  722450,36650 


Slug  Test  Data  Analysis 


# 


®  0.1 


DATA  SET: 

UL066F.DAT 

06/05/97 


AQUIFER  MODEL: 
Unconf ined 
SOLUTION  METHOD: 
Bouuer-Rice 


PROJECT  DATA: 
test  date:  4/13/97 
test  uell:  NA 
obs.  uell:  UL060 


TEST  DATA: 
H0=  2.112  ft 
r_=  0.083  ft 
ru=  0.333  ft 
L  =  5.  ft 
b  =  11.5  ft 
H  =  10.  ft 


PARAMETER  ESTIMATES: 
K  =  0.006341  fty^in 
y0  =  2.136  ft 


1.2 

5.6  ' 

) 

AQTESOLU 


Aquifer  Slug  Test  Data  Sheet 


2?.  *2'^:  'i'  'I'Vi 


rci  r, 

4_  I  — ' 

“  0,0'?- 

zi.^n 


Location  Altus  AFB  -  OU  1 _ 

Job  No.  722450.36020 

Water  Level  bg.'oWToC 

Measuring  Datum  ~Tn  C- _ 

Weather  ,  lcK±!U^ 

Comments  ' 


Client  AFCEE  __ 

Field  Scientist  CM/RN 
Total  Well  Depth  3W.o' 
Elevation  of  Datum  13^0.^ 
Temp  40"^  P _ 


Well  ID  WLQCp 
Date  ^/\3/°\l 


■  bet-:/-? 


Time _ T 

1 M  2.  D  1:3 

1  '•  A'O  2>  9 

- ; - 

9'.oK  O 

'•  5  ^  0  Z 
■7  ’.CO  tr^~~ 


Ending 

Time 

Initial 

Head 

Reading 

Ending 

Head 

Reading 

Test  Type 
(Rise/Fall) 

1 ;  3  ^  b 

zQ.m 

FcoK 

9--019 

?.t6C 

foitJL 

-7--U0O  ■ 

'R'v/SC 

Comments 


7-1  f 


A.t. 


vJ  to  vJ  1 

IaJCOL?!  O 

'^AlLQtol  C 

\j\lLOt^  I  P) 

WlQ(jl  c- 

'  ‘  1  I  ^ 


VMwm 


30'^ 


\j(n  ^ 

^  20 
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CLIENT:  OFCEE  COMFftHY: 

LOCATION:  OltUS  flFBj  AltUSj  OkkllOIHd  PROJECT: 


Parsons  Engineering  Science 
72Z45e.36050 


Slug  Test  Data  Analysis 


DATA  SET: 
UL061A.DAT 
06/05/97 _ 

AQUIFER  NODEL: 
Unconf ined 
SOLUTION  NETHOD: 
Bouwer-Rice 

PROJECT  DATA: 
test  date:  4/13/97 
test  uell:  NA 
obs.  uell:  I1JLO6I 


TEST  DATA: 
H0=  2.Z98  ft 
rc=  0.083  ft 
r=  0.333  ft 
L  =  5.  ft 
b  =  35.  ft 
H  =  31.  ft 


0.01 


PARAHETER  ESTIHATES: 
K  =  0.03286  ft/nin 
y0  =  2.096  ft 


Displacement  (ft) 


lEHT:  flFCEE 

conpant:  Parsons  Engineeriiq  Science 

cation:  Dltus  DFB,  (lltus,  Oklahona 

PROJECT:  72Z45G. 36050 

Slug  Test  Data  Analysis 


DATA  SET: 

UL06U3.DAT 

06x05/^ 


AQUIFER  nODEL: 
Unconf ined 
SOLUTIOM  riETHOD: 
Bouuer-Rice 


PROJECT  DATA: 
test  date: 
test  uell:  MA 
obs.  uell:  UL061 


TEST  DATA: 
H0=  1.952  ft 
Tc=  0.083  ft 
ru=  0.333  ft 
L  =  5.  ft 
b  =  35.  ft 
H  =  31.  ft 


PARAMETER  ESTIMATES: 
K  =  0.03018  ft/nin 
y0  =  1.872  ft 


Displa 


conpftHv:  Parsons  Engineering  Science 
PROJECT:  722450.36059 


ta  f>ria lysis 


DATA  SET: 

UL061C.DAT 

TT  i  E 

06/05/97 

AQUIFER  nODEL: 

— 

Unconf ined 

— 

SOLUTION  NETHOD: 

Bouuer-Rice 

PROJECT  DATA: 

test  date:  4/13/97 

_ 

test  uell :  NA 

obs.  uell:  UL061 

TEST  DATA: 

H0=  2.163  ft 

rc=  0.083  ft 

r„=  0.333  ft 

_ 

L  =  5.  ft 

E 

b  =  35.  ft 

n  m$  “ 

H  =  31.  ft 

♦  „ 

PARANETER  ESTIMATES: 

K  =  0.03076  ft/nin 

1  1  1  1 

y0  =  1.711  ft 

1  7 

ftQTESOLU 


Displacement  (ft) 


(^QTESOLU 


CLIENT:  flFCEE 

coHPAHY:  PaTSOTis  Engineering  Science 

LOCATION:  llltiis  flFBj  AltiiSj  OkklioDici 

PROJECT:  7Z2®, 36050 

Slug  Test  Data  Analysis 

# 


SET: 

UL061£.D<^T 

06/05/97 


OqUIFEE  nODEL: 
Unconf ined 
SOLUTION  NETHOD: 
Bouueir-Rice 


PROJECT  DOTO: 
test  date:  4/13/97 
test  well :  HO 
obs.  well:  UL061 


TEST  DOTO: 
H0=  1.892  ft 
rc=  0.083  ft 
r„=  0.333  ft 
L  =  5.  ft 
b  =  35.  ft 
H  =  31.  ft 


FORONETER  ESTINOTES: 
K  =  0.02947  ft/min 
yO  =  1.632  ft 


OqTESOLU 


Displacement  (ft) 


lEMT:  flFCEE 

company:  Parsons  Engineering  Science 

cation:  Itltus  flltus,  Oklahm 

PROJECT:  72Z450, 36058 

Slug  Test  Data  Analysis 


DATf=l  SET: 
UL061F.DAT 


06/05/97 _ 

AQUIFER  MODEL: 
Unconf ined 

SOLUTION  METHOD: 
Bouuer-Rice 


PROJECT  DATA: 
test  date:  4/13/97 
test  well:  NA 
obs.  uell:  UL061 


TEST  DATA: 
H0=  1.648  ft 
rc=  0.083  ft 
r„=  0.333  ft 
L  =  5.  ft 
b  =  35.  ft 
H  =  31.  ft 


PARAMETER  ESTIMATES: 
K  =  0.02775  ft/m in 
yO  =  1.521  ft 


Aquifer  Slug  Test  Data  Sheet 


Location  Altus  AFB  -  OU  1 _ 

Job  No.  122A5Q3602t 

Water  Level _ 

Measuring  Datum  "ToC 
Weather 

Comments _ 


Client  AFCEE  _  Well  ID  WL0(g3^ 

Field  Scientist  CM/RN  ^  Date 

Total  Well  Death  N  _ 

Elevation  of  Datum  1340.^0^  rvi£l _ 

Temp  _ 


Beginning 

Time 

Ending 

Time 

Initial 

Head 

Reading 

Ending 

Head 

Reading 

Test  Type 
(Rise/Fall) 

File  Name 

Comments 

3:  ZU> 

11.305 

iggBi 

\NL002A 

EIB» 

3'.  54 

mn 

11.340 

\aIlo  u  ^  13 

3 '-40 

11.35^ 

IEEi9i 

Mf 

,3:41 

lii^ 

17.32.0) 

HHHHI 

IRSElHi 

\lr^SL\ 

■hifcfeca 

U3LC<p5£- 

A'ol  p 

n,i6Q 

kamm 

VjL'0(£) 

! 

* 

Displacement  (ft) 


lEMT:  AFCEE 


CATIOM:  l^ltus  HFB,  Altus,  Oklahoma 


COHPAMX 


PROJECT 


Parsons  Engineering  Science 


722450.36850 


Slug  Test  Data  Analysis 


DATA  SET: 

UL062A.DAT 

06/05/97 


AQUIFER  MODEL: 
Unconfined 

SOLUTION  METHOD: 
Bouuer-Rice 


PROJECT  DATA: 
test  date:  4/13/97 
test  well:  NA 
obs.  uell:  UL062 


TEST  DATA: 
H0=  2.256  ft 
0.083  ft 
r„=  0.333  ft 
L  =  10.  ft 
b  =  20.  ft 
H  =  16.  ft 


PARAMETER  ESTIMATES: 
K  =  0.01002  ft/m in 
y0  =  1.645  ft 


AQTESOLU 


CLIENT 


:(IFCEE 


Locniion:  Altus  f)fB,  Mtus,  Okhhm 


COMPAMV:  Parsons  Engineering  Science 


PROJECT 


:  722456.36050 


Slug  Test  Data  Analysis 


DATA  SET: 

UL062B.DAT 

06/05/97 


AQUIFER  nODEL: 
Unconf ined 
SOLUTION  NETHOD: 
Bouuei^Rice 


PROJECT  DATA: 
test  date:  4/13/97 
test  uell:  NA 
obs.  uell:  UL062 


TEST  DATA: 
H0=  1.969  ft 
r_=  0.083  ft 
ry=  0.333  ft 
L  =  10.  ft 
b  =  20.  ft 
H  =  16.  ft 


PARANETER  ESTIHATES: 
K  =  0.01016  ft/min 
y0  =  2.002  ft 


AQTESOLU 


Displacement  (ft) 


.lEMT 


:(ffCEE 


icAtion:  flltus  ^FB,  Mtus,  Oklahona 


COnPAMV:  Parsons  Engineering  Science 


PROJECT 


:  722458.36050 


Slug  Test  Data  Analysis 


DATA  SET: 
UL062C.DAT 


06/05/97 


AQUIFER  nODEL: 
Unconf ined 
SOLUTION  NETHOD: 
Bouuer-R ice 


PROJECT  DATA: 
test  date:  4/13/97 
test  uell:  NA 
obs.  uell:  UL062 


TEST  DATA: 
H0=  2.298  ft 
Tc=  0.083  ft 
r„=  0.333  ft 
L  =  10.  ft 
b  =  20.  ft 
H  =  16.  ft 


PARAMETER  ESTIMATES: 
K  =  0.009809  ft/nin 
yO  =  1.404  ft 


AQTESOLU 


r  ^ 


CLIENT:  iff  CEE 

company:  Parsons  Engineering  Science 

LOCATION:  (lltliS  itFBj  ItltUSi  0I(ld))Ollld 

PROJECT:  7Z2458. 36050 

Slug  Test  Data  Analysis 


DATA  SET: 

UL06ZD.DAT 

06/05/97 


AQUIFED  MODEL: 
Unconf ined 
SOLUTION  METHOD: 
Bouuer-Rice 


PROJECT  DATA: 
test  date:  4/13/97 
test  uell:  NA 
obs.  uell:  UL062 


TEST  DATA: 
HO=  1.808  ft 
rc=  0.083  ft 
T„=  0.333  ft 
L  =  10.  ft 
b  =  20.  ft 
H  =  16.  ft 


0.01 


PARAMETER  ESTIMATES: 
K  =  0.009457  ft/m in 
y0  =  1.691  ft 


isplacenent  (ft) 


r  1 


lEMT 


:  HFCEE 


COMPAMV:  Parsons  Engineering  Science 


cation:  dltus  OPE,  Plltus,  Oklahona 


PROJECT 


:  72Z450. 36058 


Slug  Test  Data  Analysis 


DATA  SET: 

UL66ZE.DAT 

06/05/97 


AQUIFER  nODEL: 
Unconf ined 
SOLUTION  METHOD: 
Bouuer-R ice 


PROJECT  DATA: 
test  date:  4/13/97 
test  uell:  MA 
obs.  uell:  UL062 


TEST  DATA: 
H0=  2.196  ft 
0.083  ft 
0.333  ft 
10.  ft 
20.  ft 
16.  ft 


ru= 

L  = 
b  = 
H  = 


PARAMETER  ESTIMATES: 
K  =  0.009229  ft/nin 
y0  =  1.498  ft 


AQTESOLU 


CLIENT:  (iFCEE 

COHPAMY: 

Parsons  Engineering  Science 

locATion:  Mtus  AfB,  Altiis,  Oklahona 

PROJECT: 

722®, 36650 

Slug  Test  Data  Anal 

ysis 

DATA  SET: 

UL062F.DAT 

10. 

=Tn"Tnnn'”T~TnnrTTTTT'Tnnnr 

1  1  1  iz 

06/05/97 

-III] 

- 

AQUIFER  nODEL: 

_ 

Unconf ined 

— 

— 

SOLUTION  NETHOD: 

Bouuer-Rice 

PROJECT  DATA: 

?  1. 

test  date:  4/13/97 

Cm 

w 

test  uell:  NA 

I  \ 

obs.  uell:  UL062 

A 

-  \ 

“ 

TEST  DATA: 

H0=  1.64  ft 

—  \ 

— 

rc=  0.083  ft 

A 

U) 

\n 

ru=  0.333  ft 

O  0.1 

\ 

\  ♦ 

'  . .  \  M* 

— 

L  =  10.  ft 

— 

b  =  20.  ft 

H  =  16.  ft 

«>«  nil  ■•■Min  — 

PARANETER  ESTINATES: 

K  =  0.008388  ft/m in 

— 

y0  =  1.387  ft 

0.01 

MM 

0 

1.4  2.8  4.2  5.6  7 

. 

Time  (min) 

flQTESOLU 


APPENDIX  C 


LABORATORY  ANALYTICAL  DATA 


S:\ES\WP\PROJECTS\722450\ALTUS\6.DOC 


MAm 

TECHiH 


May  21,  1997 


Dr .  Don  Kampbell 

National  Risk  Management  Research  Laboratory 
Subsurface  Protection  &  Remediation  Division 
U.S.  Environmental  Protection  Agency 
P.O.  Box  1198 
Ada,  OK  74820 

THRU:  S.A.  Vandegrift 

Dear  Don: 

Attached  are  TOC  results  for  11  Altus  soils  submitted  May  1, 
1997  under  Service  Request  #SF-3-260.  Sample  analysis  was  begun 
May  9,  1997  and  completed  May  21,  1997  using  RSKSOP-102  and 
RSKSOP-120. 

Blanks,  duplicates,  and  AQC  samples  were  analyzed  along  with 
your  samples,  as  appropriate,  for  quality  control.  If  you  have 
any  questions  concerning  this  data,  please  feel  free  to  ask  me. 

Sincerely, 


xc:  R.L.  Cosby 
G.B.  Smith 
J.L.  Seeley 


ManTech  Environmental  Research  Services  Corporation 


R.S.  Kerr  Environmental  Research  Laboratory,  P.O.  Box  1198, 919  Research  Drive 
Ada,  Oklahoma  74821-1189  405-436-8660  FAX  405436-8501 


KAMPBELL  ALTUS  SOILS  SF-3-260 


SAMPLE  SOIL 

FILTRATE 

SOLIDS 

TOTAL  SOIL 

MEAN 

%  O.C. 

%  TOC 

%  TOC 

%TOC 

TW-1,3.5',1-1 

.016 

.069 

.085 

.085 

1-2 

.028 

.056 

.084 

TW-1,7’,1-1 

.019 

.075 

.094 

.097 

1-2 

.021 

.079 

.100 

TW-1,10M-1 

.015 

.073 

.088 

.100 

1-2 

.011 

.101 

.112 

TW-2,3',1-1 

.018 

.007 

.025 

.062 

1-2 

.034 

.013 

.047 

1-3 

.024 

.089 

.113 

TW-2,7’,1-1 

.019 

.096 

.115 

.099 

1-2 

.007 

.075 

.082 

TW-2,13.5M-1 

.017 

.006 

.023 

.022 

1-2 

.013 

.008 

..021 

TW-3, 6' , 1-1 

.040 

.713 

.753 

.749 

1-2 

.048 

.696 

.744 

TW-3,12M-1 

.017 

.036 

.053 

.056 

1-2 

.018 

.040 

.058 

TW-7,6.5',1-1 

.027 

.034 

.061 

.059 

1-2 

.026 

.031 

.054 

TW-7,11.5M-1 

.017 

.261 

.278 

.256 

1-2 

.022 

.212 

.234 

OU-1-06, 1-1 

.014 

.012 

.026 

.064 

1-2 

.016 

.036 

.052 

1-3 

.024 

.089 

.113 

LECO  STD 

WS038 

4.88 

.930 

.045 


Leco  soil  std  t.v.=.90+/-.04 
WS038  std  t.v.=4.92 


STD 

DEV 


.046 


MAI^Ta 

TECHiV 


Ref:  97-MAB4/vg 
April  15,1997 


Dr.  Don  Kairipbell 

National  Risk  Management  Research  Laboratory 
Subsurface  Protection  and  Remediation  Division 
U.S.  Environmental  Protection  Agency 
P.O.Box  1198 
Ada,  Ok  74820 

THRU:  S.A.  Vandegrift 

Dear  Don: 

As  per  Service  Request  #SFTA-3-121,  dissolved  hydrogen  analysis  was  performed  onsite 
at  Altus  AFB,  OK,  using  a  RGA3  Reduction  Gas  Analyzer.  The  analysis  began  on  April  7, 1997 
and  was  completed  April  1 1, 1997.  A  six  place  (0.0  to  10.0  PPM)  external  standard  curve  was 
used  to  quantitate  the  samples.  The  following  data  represents  the  concentration  in  the  dissolved 
phase. 


ALTUS  AFB,  OK 


Well 

Concentration  (nM) 

OUl-02 

0.14 

OUl-01 

2.15 

OUl-03 

2.24 

OUl-04 

1.12 

WL-021 

0.42 

SB-15S 

0.27 

SB-15D 

No  sample-low  flow 

WL-019 

0.38 

WL-022 

0.66 

WL-018 

0.16 

WL-020 

0.35 

WL-062 

0.19 

WL-061 

0.29 

WL-060 

0.66 

SB-1  IS 

No  sample-low  flow 

SB-1  ID 

No  sample-low  flow 

SB-16S 

No  sample-low  flow 

SB-16D 

No  sample-low  flow 

SB-IOS 

No  sample-low  flow 

SB-IOD 

No  sample-low  flow 

ManTech  Environmental  Research  Services  Corporation 


R.S.  Kerr  Environmental  Research  Laboratorv’,  P.O.  Box  1198. 919  Research  Drive 
Ada,Oklahoma74821-1189  405-436-8660  FA,X  405-436-8501 


If  you  have  any  questions,  please  feel  free  to  contact  me  at  your  convenience. 


Sincerely, 


Mark  Blankenship 


xc:  R.L.  Cosby 
G.B.  Smith 
J.L.  Seeley 


ManTech  Environmental  Research  Services  Corporation 


MAm 

TECHiH 


Ref:  97-BN21/vg 
April  17,  1997 


Dr.  Don  Kampbell 

National  Risk  Management  Research  Laboratory 
Subsurface  Protection  &  Remediation  Division 
U.S.  Environmental  Protection  Agency 
P.O.  Box  1198 
Ada,  OK  74820 

THRU:  S.A.  Vandegriftf 

Dear  Don: 

Please  find  attached  the  analytical  results  for  Service  Request  #SF-3-260  requesting  the 
analysis  of  field  samples  from  Altus  AFB  to  be  analyzed  by  purge-and-trap/GC-PID  for  Benzene, 
Toluene,  Ethylbenzene,  p-,  m-,  &  o-xylene,  1,3,5-,  1,2,4-,  &  1,2,3-Trimethylbenzene,  and  Total  Fuel 
Carbon.  We  obtained  the  16  samples  in  capped,  40  mL  VOA  autosampler  vials  April  14, 1997,  and 
they  were  analyzed  April  15  and  16,  1997.  The  samples  were  acquired  and  processed  using  the 
Millennium  data  system.  A  5  place  external  standard  curve  (1-1000  ppb)  was  used  to  quantitate 
sample  concentration  for  the  compounds  of  interest.  Since  ail  but  one  sample  had  no  analytes 
present,  only  that  sample  is  reported  for  total  fuel  carbon. 

RSKSOP-133,  "Simultaneous  Analysis  of  Aromatics  and  Total  Fuel  Carbon  by  Dual 
Column-Dual  Detector  for  Ground  Water  Samples"  was  used  for  these  analyses.  Autosampling  was 
performed  using  a  D3matech  Precision  autosampler  system  in  line  with  a  Tekmar  LSC  2000 
concentrator. 


xc:  R.L.  Cosby 

J.T.  Wilson 
G.B.  Smith 
J.L.  Seeley 
L.  Black 


Sincerely, 


]3 


Bryan  Newell 


ManTech  Environmental  Research  Services  Corporation 


R.S.  Kerr  En\ironmental  Research  Laboratory,  P.O.  Box  1 198, 919  Research  Drive 
Ada,  Oklahoma  7482M189  405-436-8660  FAX  405-436-8501 


SF-3-2eo  BTEXXXTMB  and  Fualearbon  Analyaia  for  Dr.  Kampball  UNITS  =  ng/ini  Analyst:  B.  Nawall 


CD 
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Ref:  97-LHll/vg 
April  17,  1997 


Dr.  Don  Kampbell 

National  Risk  Management  Research  Laboratory 
Subsurface  Protection  and  Remediation  Division 
U.S.  Environmental  Protection  Agency 
P.O.  Box  1198 
Ada,  OK  74820 

THRU:  S.A.  Vandegrift  h 

Dear  Don: 

As  requested  in  Service  Request  #SF-3-260,  gas  analysis  was  performed  for  methane, 
ethylene,  and  ethane  on  samples  from  Altus  AFB.  The  samples  were  received  on  April  14, 1997. 
The  analyses  were  performed  on  April  15,  1997.  These  analyses  were  performed  as  per  RSKSOP- 
194,  and  the  calculations  were  done  as  per  RSKSOP-175. 

If  you  should  have  any  questions,  please  feel  free  to  contact  me. 


xc:  R.L.  Cosby 

J.T.  Wilson 
G.B.  Smith  ^ 
J.L.  Seeley<:p^ 


ManTech  Environmental  Research  Services  Corporation 


R,S.  Kerr  Environmental  Research  Laboraiorv;  P.O.  Bo.x  1 198, 919  Research  Drive 
Ada,  Oklahoma  7482M 189  405456-8660  FAX  405436-8501 


SF-3-260  4/15/97 


Sample 

Methane 

Ethylene 

Ethane 

lOOppm  CH4 

92.6 

** 

** 

lOOppm  C2H4 

** 

98.0 

** 

lOOppm  C2H6 

** 

** 

99.4 

HPHe 

** 

** 

Lab  Blank 

** 

** 

** 

OU1-01 

0.006 

** 

** 

OU1-02 

0.007 

** 

** 

OU1-03 

0.008 

** 

** 

OU1-04 

0.002 

** 

** 

TW-6 

* 

** 

** 

TW-6  Lab  Dup 

** 

it* 

** 

5B-11-D 

<** 

** 

** 

TW-13 

** 

** 

** 

5B-15-WS 

0.001 

** 

** 

WL-019 

0.037 

Ik* 

•* 

WL-018 

* 

** 

** 

WL-018 

** 

** 

** 

Field  Dup 
tOppm  CH4 

9.2 

** 

** 

WL-020 

** 

*« 

WL-021 

0.001 

** 

** 

WL-022 

0.078 

** 

** 

WL-060 

0.001 

** 

** 

WL-061 

** 

** 

** 

WL-061  Lab  Dup 

** 

** 

** 

WL-062 

** 

** 

** 

lOOppm  CH4 

96.1 

** 

** 

lOOppm  C2H4 

<** 

90.7 

** 

lOOppm  C2H6 

** 

** 

94.2 

Lower  Limit  of  Quantitation 
0.001 

0.003 

0.002 

Units  for  the  samples  are  in  mg/L. 

Units  for  the  standards  are  parts  per  million. 

**  denotes  None  Detected. 

*  denotes  Below  Limit  of  Quantitation. 


Page  1 
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April  23,  1997 


Dr.  Don  Kampbell 

National  Risk  Management  Research  Laboratory 
Subsurface  Protection  &  Remediation  Division 
U.S.  Environmental  Protection  Agency 
P.O.  Box  1198 
Ada,  OK  74820 

THRU:  S.A.  VandegriftSV 

Dear  Don: 

Attached  are  TOC  results  for  28  Altus  lic[uids  submitted 
April  17,  1997  under  Service  Request, #SF-3-2 60.  Sample  analysis 
was  begun  April  17,  1997  and  completed  April  23,  1997  using 
RSKSOP-102. 

Blanks,  duplicates,  and  AQC  samples  were  analyzed  along  with 
your  samples,  as  appropriate,  for  quality  control.  If  you  have 
any  questions  concerning  this  data,  please  feel  free  to  ask  me. 

Sincerely, 

Snaron  Hightowcrc 


xc:  R.L.  Cosby 
G.B,  Smith 
J.L.  Seeley  JL 

f 


ManTech  Environmental  Research  Services  Corporation 


R.S.  Kerr  Environmental  Research  Laboratory,  RO.  Box  1 198, 919  Kerr  Research  Drive 
Ada,  Oklahoma  74821-1198  405^36-8660  FAX  405-436-8501 


KAMPBELL  ALTUS  LIQUIDS  SF-3-260 


SAMPLE 

MG/L  TOC 

TW-3 

2.48 

TW-5 

2.07 

TW-5,  REP  2 

2.66 

TW-6 

29.8 

TW-9 

14.2 

TW-10 

1.06 

TW-13 

1.55 

DUP 

1.58 

TW-15 

.290 

TW-15, 

REP  2 

.263 

OUl-01 

4.19 

OUl-02 

3.10 

OUl-03 

45.8 

OUl-04 

17.0 

OUl-05 

1.44 

OUl-06 

2.53 

WL-018, 

REP  1 

16.1 

WL-018, 

REP  2 

16.7 

WL-019 

3.56 

WL-020 

15.7 

WL-021 

3.67 

WL-022 

8.35 

WL-060 

1.18 

WL-061 

.330 

WL-062 

1.04 

SB-llD 

6.30 

SB15WS 

3.90 

WS038 

/ 

4.82 

WS038  std.  t.v.=4.92 


MAmm 

TECHmk 


Ref:  97-BN25/vg 
April  23,  1997 


Dr.  Don  Kampbell 

National  Risk  Management  Research  Laboratory 
Subsurface  Protection  &  Remediation  Division 
U.S.  Environmental  Protection  Agency 
P.O.  Box  1198 
Ada,  OK  74820 

THRU:  S.A.  Vandegrifl^V^ 

Dear  Don: 

Please  find  attached  the  analytical  results  for  Service  Request  #SF-3-260  requesting  the 
analysis  of  field  samples  from  Altus  AFB  to  be  analyzed  by  purge-and-trap/GC-PID  for  Benzene, 
Toluene,  Ethylbenzene,  p-,  m-,  &  o-xylene,  1,3,5-,  1,2,4-,  &  1,2,3-Trimethylbenzene,  and  Total  Fuel 
Carbon.  We  obtained  the  18  samples  in  capped,  40  mL  VOA  autosampler  vials  April  18,  1997,  and 
they  were  analyzed  April  21  and  22,  1997.  The  samples  were  acquired  and  processed  using  the 
Millennium  data  system.  A  5  place  external  standard  curve  (1-1000  ppb)  was  used  to  quantitate 
sample  concentration  for  the  compounds  of  interest.  Since  only  a  few  samples  had  analytes  present, 
only  those  samples  are  reported  for  total  fuel  carbon. 

RSKSOP-133,  "Simultaneous  Analysis  of  Aromatics  and  Total  Fuel  Carbon  by  Dual 
Column-Dual  Detector  for  Ground  Water  Samples"  was  used  for  these  analyses.  Autosampling  was 
performed  using  a  Dynatech  Precision  autosampler  system  in  line  with  a  Tekmar  LSC  2000 
concentrator. 


Bryan  Newell 


xc:  R.L.  Cosby 

J.T.  Wilson 
G.B.  Smith 
J.L.  Seeley 
L.  Black 


ManTech  Environmental  Research  Services  Corporation 


R.S.  Kerr  Environmental  Research  Laboratory,  P.O.  Box  1 198. 919  Research  Drive 
Ada,  Oklahoma  74821-1189  405-436-8660  F.4X  405-436-8501 


SF-3-200  BTEXXXTMB  and  Total  Fual  Carbon  for  Dr.  Kampbell  Units  =  ngAnI  Analyst:  B,  Newell 
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ALTUS  AIR  FORCE  BASE 
Field  Data 


Sample 

Date 

OUl-02 

4-08-97 

OUl-01 

4-08-97 

OUl-03 

4-08-97 

OUl-04 

4-08-97 

WL-021 

4-08-97 

SB15WS 

4-08-97 

WL-019 

4-09-97 

WL-022 

4-09-97 

WL-018 

4-09-97 

WL-020 

4-09-97 

WL-062 

4-09-97 

WL-061 

4-09-97 

WL-060 

4-10-97 

TW-6 

4-10-97 

TW-13 

4-10-97 

SBll-D 

4-10-97 

TW-15 

4-15-97 

TW-8 

4-15-97 

TW-1 

4-15-97 

TW-3 

4-15-97 

TW-9 

4-15-97 

TW-5 

4-16-97 

TW-10 

4-16-97 

OUl-05 

4-17-97 

Total 

Alkalinity 
mg/1  CaCo3 

Carbon 

Dioxide 

mg/1 

Ferrous 

Iron 

386 

420 

A 

' 

O 

(J1 

379 

210 

A 

O 

cn 

383 

262 

in 

o 

V 

446 

264 

<.05 

415 

402 

in 

o 

V 

332 

256 

in 

o 

V 

418 

212 

<.05 

422 

344 

<.05 

283 

184 

in 

o 

V 

250 

114 

<.05 

272 

240 

A 

O 

Ul 

157 

82 

<.05 

311 

120 

A 

O 

IJl 

325 

264 

in 

o 

V 

320 

128 

<.05 

256 

204 

<.05 

205 

80 

<.05 

319 

160 

in 

o 

V 

320 

306 

A 

O 

Ul 

417 

320 

A 

O 

Ul 

408 

160 

<.05 

405 

180 

<.05 

504 

<.05 

220 

100 

in 

o 

V 

Sulfide 
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Ref:  97-JRD26/vg 
97-LP46/vg 
97-MW29/vg 

April  29, 1997 


Dr.  Don  Kampbell 

National  Risk  Management  Research  Laboratory 
Subsurface  Protection  &  Remediation  Division 
U.S.  Environmental  Protection  Agency 
P.O.  Box  1198 
Ada,  OK  74820 

THRU:  S.A.  Vandegrift  5^ 

Dear  Don: 


Attached  are  the  results  of  25  Altus  AFB  samples  submitted  to  MERSC  as  part  of  Service 
Request  #SF-3-260.  The  samples  were  received  April  14  and  18  and  analyzed  April  14,  17,  18 
and  21,  1997.^  The  methods  used  for  analysis  were  EPA  Methods  353.1  for  NO,  and  NO3  and 
350. 1  for  NHj,  and  Waters  capillary  electrophoresis  Method  N-601  for  Cl  and  SO4.  Quality 
assurance  measures  performed  on  this  set  of  samples  included  spikes,  duplicates,  known  AQC 
samples  and  blanks. 


If  you  have  any  questions  concerning  these  results,  please  feel  free  to  contact  us. 


Sincerely, 

I^oo'LlsI' 
Justin  R.  Daniel 


xc:  R.L.  Cosby 
G.B.  Smith 
J.L.  Seeley 


ManTech  En\ironraental  Research  Services  Corporation 


R.S.  Kerr  Environmental  Research  Laboratory,  P.O.  Box  1198, 919  Research  Drive 
Ada,  Oklahoma  "4821-1189  405-436-8660  F.AX  405-436-8501 


Samole 

me/L  Cr 

ms/L  SO 

mg/L  NO-,  +  NO-,rN^ 

mg/L  NH 

SB-ll-D 

517 

2230 

1.41 

<.05 

SB-ll-DDup 

507 

2220 

TW-6 

260 

1240 

0.79 

<.05 

TW-13 

400 

1580 

1.42 

<.05 

WL-018 

384 

1500 

0.72 

<.05 

WL-019 

320 

1900 

<.05- 

<.05 

WL-020 

321 

1070 

0.45 

<.05 

WL-020Dup 

0.47 

<.05 

WL-021 

341 

2010 

<.05 

<.05 

WL-022 

398 

2180 

0.37 

<.05 

WL-060 

537 

2010 

4.11 

<.05 

WL-061 

811 

2340 

1.50 

<.05 

WL-061  Dup 

816 

2350 

WL-062 
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1.41 

<.05 

OUl-01 
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<.05 

<.05 

OUl-02 
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<.05 

<.05 
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<.05 

OUl-03  Dup 
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<.05 
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<.05 

SB15WS 
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<0.05 

Blank 
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<.l 

<.05 

<.05 

AQC 

34.8 

44.4 
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34.8 
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100% 
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100% 

TW-2 
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<0.05 

TW-1 
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<0.05 

TW-10 

417 

1150 

2.29 

<0.05 

TW-lODup 

411 

1140 

TW-1 5 

687 

2160 

2.23 
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<0.05 

Blank 
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34.4 

43.9 

2.05 
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AQC  T.V. 
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44.0 

2.10 

10.0 

Spike  Rec. 

95% 

100% 

101% 

101% 
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TECHiH 


Ref:  97JAD21 

April  24,  1997 


Dr.  Don  Kampbell 

National  Risk  Management  Research  Laboratory 
Subsurface  Protection  and  Remediation  Division 
U.S.  Environmental  Protection  Agency 
P.O.  Box  1198 
Ada,  OK  74820 


THRU: 


S.A. 


Vandegrift 


Dear  Don: 


As  requested  in  Service  Request  #  SF-3-260,  headspace  GC/MS 
analysis  of  40  Altus  AFB  water  samples  for  chlorinated  volatile 
organics  was  completed.  The  samples  were  received  on  April  14,18, 
1997  and  analyzed  on  April  18-19,  1997.  RSKSOP-148  (Determination 
of  Volatile  Organic  Compounds  in  Water  by  Automated  Headspace  Gas 
Chromatography/Mass  Spectrometry  (Saturn  II  Ion  Trap  Detector)  was 
used  for  this  analysis. 

An  internal  standard  calibration  method  was  established  for 
the  15  compounds.  The  standard  curves  were  prepared  from  1.0  to 
4000  ppb.  The  lower  calibration  limits  were  l.O  ppb. 

A  dilution  corrected  quantitation  report  for  the  samples,  lab 
duplicates,  field  duplicates,  QC  standards  and  lab  blanks  is 
presented  in  tables  1-3. 


If  you  should  have  any  questions,  please  feel  free  to  contact 

me. 


Sincerely, 


:( 


/John  Allen  Daniel 


xc: 


R . L .  Cosby 
G . B .  Smith 
D.D.  Fine 
J.L.  Seeley 
J.T.  Wilson  // 


ManTech  Environmental  Research  Services  Corporation 


R.S.  Kerr  En\ironmental  Research  Laboratory’,  P.O.  Box  1198, 919  Research  Drive 
Ada,  Oklahoma  7482  M 189  405-436-8660  FAX  405-436-850 1 
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Ref:  97-LH13/vg 
April  29,  1997 


Dr.  Don  Kampbell 

National  Risk  Management  Research  Laboratory 
Subsurface  Protection  and  Remediation  Division 
U.S.  Environmental  Protection  Agency 
P.O.Box  1198 
Ada,  OK  74820 

THRU:  S.A.  Vandegrift 

Dear  Don: 

As  requested  in  Service  Request  #SF-3-260,  gas  analysis  was  performed  for  methane, 
ethylene,  and  ethane  on  samples  from  Altus  AFB.  The  samples  were  received  on  April  18,  1997. 
The  analyses  were  performed  on  April  22,  1997.  These  analyses  were  performed  as  per  RSKS  OP- 
194,  and  the  calculations  were  done  as  per  RSKSOP-175. 

If  you  should  have  any  questions,  please  feel  free  to  contact  me. 


xc: 


R.L.  Cosby 
J.T.  Wilson 
G.B.  Smith 
J.L.  Seeley 


Lisa  Hopkins 


ManTech  Environmental  Research  Services  Coq)oration 


R.S.  Kerr  Environmental  Research  Laboratory,  P.O.  Box  1 198, 919  Research  Drive 
Ada,  Oklahoma  74821-1 189  405-436-8660  FAX  405436-8501 


SF-3-260  4/22/97 


Sample 

Methane 

Ethylene 

Ethane 

lOOppm  CH4 

105.2 

Mr 

lOOppm  C2H4 

91.7 

** 

lOOppm  C2H6 

** 

** 

97.2 

HPHe 

** 

Mr 

Lab  Blank 

Mr 

M 

TW-1 

0.058 

** 

M 

OU1-TW-2 

0.008 

Mk 

M 

TW-3 

0.021 

Mk 

M 

TW-5 

0.058 

** 

M 

TW-8 

0.011 

Mk 

M 

TW-8  Lab  Dup 

0.011 

** 

M 

TW-9 

0.001 

Mk 

M 

TW-10 

** 

Mk 

M 

OU1-05 

0.001 

Mk 

M 

OU1-06 

0.005 

Mk 

M 

TW-1 5 

** 

Mk 

Mr 

TW-1 5 

** 

** 

M 

Field  Dup 
lOppm  CH4 

8.7 

** 

M 

lOOppm  CH4 

96.9 

** 

M 

lOOppm  C2H4 

.Hit 

91.7 

M 

lOOppm  C2H6 

** 

** 

95.6 

Lower  Limit  of  Quantitation 

0.001  0.003  0.002 

Units  for  the  samples  are  in  mg/L. 

Units  for  the  standards  are  parts  per  million. 

**  denotes  None  Detected. 

*  denotes  Below  Limit  of  Quantitation. 
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TECHiV 


Ref;  97-DF20 
May  1.  1997 


Dr.  Don  Kampbell 

National  Risk  Management  Research  Laboratory 
Subsurface  Protection  and  Remediation  Division 
U.S,  Environmental  Protection  Agency 
P.O.  Box  1198 
Ada,  OK  74820 


THRU:  S.A.  Vandegrift^ 


i 


Dear  Don: 


As  requested  in  Service  Request  SF-3-260,  GC/MS  analysis  for  phenols  and 
aliphatic/aromatic  acids  was  done  on  three  water  samples  from  Altus  AFB.  These  samples 
were  labeled:  WL-022,  OUl-01  and  OUl-02.  The  samples  were  received  on  March  14, 
1997  and  were  extracted  and  derivatized  by  Amy  Zhao  on  Mar.  17,  1997.  The  extracts  were 
analyzed  by  GC/MS  on  March  19,  1997.  RSKERL  SOP  177  was  used  for  the  extraction, 
derivatization  and  GC/MS  analysis  of  the  samples. 

Table  I  provides  the  concentrations  of  the  phenols  and  aliphatic/aromatic  acids  found  in 
Alms  AFB  water  samples.  Derivative  and  extraction  blanks,  extraction  recoveries  and  100 
ppb  check  standards  are  also  included  in  the  table. 

If  you  should  have  any  questions,  please  feel  free  to  contact  me. 


xc:  J.  Seeley*?'^ 
G.  Smith 
R.  Cosby 
D.  Fine 
J.  Wilson 


Dennis  D.  Fine 


ManTech  Environmentai  Research  Services  Corporation 


R.S.  Kerr  Environmental  Research  Laboraiorv*,  P.O.  Box  1198, 919  Research  Drhe 
Ada,  Oklahoma  7482M 189  405-436-8660  FAX  405-436-8501 


Tabl«  I.  Quantttativa  Rapoit  and  QC  Data  for  Phanolt  and  Aliphatic  and  Aromatic  Acids 
in  Watsr  Samplss  from  Altus  AFB  Ssrvico  Request  SF-3-260. 


Concentration  ppb 


File  Name:  830WL022-TXT  8310U101.7XT  832CXJ10ZTXT  819METHB.TX 

Method 

Samole  Name;  VML-022  OU1-01  0U1-02 


840MTHBLTX 


I  %  Recovery  | 

a29EXTBLTXT  850EXTBLTXT  8280CTRE.TXT  849EXTRE.TXT 
Extradjon  Extraction  50  ppb  Extr.  50  ppb  Extr. 

Blank  Blank  %  Recovery  %  R 


Propanoic  Add 
2‘Methy  I  propanoic  Add 
Trimethylacetic  Add 
Butyric  Add 

2- MethylbutyricAdd 

3- Methyl  butrylc  Add 

3.3-Oimethylpropanolc  Add 
Pen ta note  Add 


2.3-Dimethybutyric  Add 

2-Ethylbutyric  Add 

2- Methylpentanoic  Add 

3- Methyl  pentanoic  Add _ 


4-Methylpentanolc  Add 
Hexanoic  Add 
2-Methyl  hexanoic  Add 
Phenol _ 


Cydopentanecarboxylic  Add 

5-Methylhexanolc  Add 
o-C  resol 

2-Ethylhexanoic  Add 


Heptanoic  Add 
nvCresol 
p-C  resol 

1-Cydopentene-1 -carboxylic  Add 


o-Ethylphenol 
Cydopentaneacetic  Add 

2.6-Oimethyphenol 

2.5- Dlmethytphenol _ 

Cydohexanecarboxyiic  Add 
3-Cydohexene-1 -carboxylic  Add 

k2.4-Dlmethylphenol 
*3,5-01  methyl  phenol  &  m-Ethytphend 
Octanoic  Add 

2.3- Oimetholpheno) 
p-Ethylphenol 
Benzoic  Add 

3.4- Dimethyphenol 
m-Methylbenzoic  Add 

1- Cydohexene-1-carboxyfic  Add 

Cydohexaneacetic  Add _ 

2- Phenylpropanoic  Add 
o-Methylbenzolc  Add 
Phenylacetic  Add 

m-Tolytacetic  Add _ 

o-Tolylacetic  Add 

2.6- Oimethylbenzoic  Add 
p-Tolylacetic  Add 
p-Methytbenzoic  Add 

3- Phenylpropanoic  Add 

2.5- Oimethyibenzoic  Add 
Oecanoic  Add 

2.4- Dimethylbenzoic  Add 

3.5- Oimethylbenzoic  Add 

2.3- Dimethylbenzolc  Add 

4- Ethylbenzolc  Add 

2. 4. 6- Trimethyl  benzoic  Add 

3.4- Oimethyibenzoic  Add 
2,4.5*Trimethylbenzoic  Add 


indicates  concentration  of  extract  was  below  lowest  calibration  standard  (3  ppb) 
indicates  not  found. 


Printer  3:52  PM  5M/97 


Tabl«  I.  Quantttativ«  Raport  and  QC  Data  for  Phanola  and  Aliphatic  and  Aromatic  Acids 
In  Water  Samptes  from  Altua  AFB  Saivlca  Raquaat  SFO-2SO. 

I  %  Recovtry  | 


R«  Ntma;  835100AA.TX  84210QAA.TX 
100  PP<3  Std.  100  ppb  StdL 


Propanoic  Acid 

103 

111 

2-Methylpropanoic  Acid 

104 

112 

Trimethylacetic  Acid 

106 

112 

Butyric  Acid 

102 

2-Methylbutyric  Acid 

105 

113 

3-Methylbutryic  Acid 

105 

112 

3.3-Dimethylpropanoic  Add 

103 

111 

Pentanoic  Add 

103 

111 

2,3«Dimethybutyric  Acid 

104 

110 

2-Elhylbutyric  Add 

100 

108 

2-Methylpentanoic  Acid 

103 

109 

3-Methvlpentanoic  Add 

111 

4-Methylpentanoic  Add 

105 

110 

Hexanolc  Add 

104 

113 

2*Methylhexanoic  Add 

103 

108 

Phenol 

101 

113 

Cydopentanecarboxylic  Add 

104 

112 

5-Methylhexanoic  Add 

105 

111 

o-Cresol 

104 

110 

2-Ethyl  hexanolc  Add 

105 

110 

Heptanolc  Add 

104 

111 

m-C  resol 

104 

112 

p-C  resol 

104 

112 

l-Cydooenteno-l-carboxylic  Add 

103 

111 

o-Ethylphenol 

105 

111 

Cydopentaneacetic  Add 

103 

110 

2.6-Dimethyphenol 

103 

111 

2,5-Dlmethylphenol 

104 

108 

Cydohexanecartoxylic  Acid 

104 

111 

3-Cydohexene-1-carboxylic  Add 

104 

112 

2.4-Dimethylphenol 

105 

111 

3.5-Dimethylphenol  &  m-Ethylphenol 

105 

110 

Octanoic  Add 

104 

110 

2.3-Oimetholphenol 

108 

110 

p-Ethylphend 

102 

112 

Benzoic  Add 

105 

111 

rngm 

111 

106 

112 

110 

2-Phenylpropanoic  Add 

104 

108 

o-Methylbenzoic  Add 

103 

111 

Phenylacetic  Add 

102 

106 

m-Tolylacetic  Add 

100 

103 

o-Tolytacetic  Add 

97 

106 

2,6-Dimethylbenzoic  Add 

106 

113 

p-Tolylacetic  Add 

92 

97 

p-Methylbenzoic  Add 

101 

107 

3-Phenylpropanoic  Add 

100 

102 

2.5-Dimethylbenzolc  Add 

102 

106 

Decanotc  Add 

100 

105 

2.A-Dimethylbenzoic  Add 

102 

103 

3,&*0imethyibenzoic  Add 

105 

108 

2.3-Dimethylbenzolc  Add 

104 

108 

4-Ethylbenzoic  Add 

102 

105 

2.4.S-Tfimethylbenzolc  Add 

103 

107 

3.4-Difnethylbenzoic  Add 

101 

105 

2,4,5-Trimethylbenzoic  Add 

102 

107 

indicates  concentration  of  extract  was  below  lowest  calibration  standard  (3  ppb) 
indicates  not  found. 


Prtntir  3:51  PM  5/1/97 


MAi\rA 

TECHiU 


Ref:  97-DF26 
May  19,  1996 

Dr.  Don  Kampbell 

National  Risk  Management  Research  Laboratory 
Subsurface  Protection  and  Remediation  Division 
U.S.  Environmental  Protection  Agency 
P.O.  Box  1198 
Ada,  OK  74820 

THRU :  S .  A .  Vandegr i  f  t  5"'^^ 

Dear  Don: 

As  requested  in  Service  Request  SF-3-260,  GC/MS  analysis  for 
semi -volatile  compounds  was  done  on  one  water  sample  from  Altus 
AFB .  This  sample  was  labeled:  OUl-01.  The  sample  was  received 
on  April  14,  1997.  Base/neutral  extractions  of  the  water  sample 
was  completed  on  April  14,  1997.  The  GC/MS  analysis  of  the 
sample  was  completed  on  May  14,  1997.  EPA  method  8270A  with  the 
modifications  listed  below  was  used  for  this  analysis. 

The  liquid/liquid  extraction  was  done  by  Brad  Scroggins 
according  to  the  standard  operating  procedure  for  base/neutral 
extraction.  After  the  pH  of  one  liter  of  each  water  sample  was 
adjusted  to  slightly  above  11.0  with  ION  NaOH,  the  water  sample 
was  extracted  three  times  with  60  ml  of  methylene  chloride. 

After  the  methylene  chloride  fraction  was  passed  through  a  Na2S04 
column,  it  was  concentrated  using  the  Savant  Evaporation  Station 
to  a  final  volume  near  1.0  ml. 

For  quantitative  analysis,  5.0  /xl  of  a  400  ppm" internal 
standard  mixture  of  benzene-dg,  toluene-d3,  ethylbenzene -djQ,  p- 
xylene-dio,  o-xylene-djo,  p- dichlorobenzene -d2,  naphthalene -dg, 
acenaphthene-djQ,  phenanthrene-djQ,  chrysene-di2  end  perylene-dj2 
in  methylene  chloride  was  added  to  200  /xl  of  each  standard  or 
sample.  The  Hewlett  Packard  7673  autoinjector  delivered  1.0  /xl 
of  the  methylene  chloride  extract  with  splitless  injection  onto  a 
60  meter,  0.25  mm  DB5-MS  capillary  column  with  0.5  /xm  film 
thickness.  The  column  was  temperature  programmed  from  40°C  to 
100°C  at  30°C/min  and  then  to  300°C  at  6°C/min.  The  Finnigan 
4615  GC/MS  was  scanned  from  42  to  650  m/z  in  0.5  sec. 

ManTech  Environmental  Research  Services  Corporation 


R.S.  Kerr  Environmental  Research  Laboratory,  P.O.  Box  1 198, 919  Research  Drive 
Ada,  Oklahoma  74821-1189  405-436-8660  FAX  405-436-8501 


Chromatograms  of  the  extract  of  the  sample  and  an  extraction 
blank  are  attached. 

If  you  should  have  any  questions,  please  feel  free  to 
contact  me. 


xc:  J.  Seeley yXO 
G.  Smith  ^ 


R.  Cosby 
D.  Fine 
J.  Wilson 


Sincerely, 


Dennis  D.  Fine 
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CHRO: 


_ . . 

rB«mmmmiasrsraisAumjccTnmmmmAmm<rm 

- SYSTEMS  CONSmUTES  COHSENT  TO  MOMtnmiiB 

^CTIOll  1  •  TO  BE  COMPIETED  BY  OmSMtATOB  ' '~~' 


cussificatom  transmission 

Unclassified _  iuuei«.«  PCT 

"*'1  L _ I  IMMEDIATg  Xt  ROUTINE 

_  J  FOR  OFFICIAL USEONLY  ^ 


TO  tOflktSifmtdl,  foint  of  Cdancc,  §ii4A6afossl 


ELECTRONIC  MAIL  ADDRESS  ^SMokf 


£k^  SofhiJU  fltsixo^ 


PACE  1  OF^Y  pages 


COMMERCIAL 

C303J£SI-85C^ 


VOICE  NO. 


FROM  tUHet  Srmbet,  Mnt  tf  Contut,  MtMinssI 


JENNIFER  ROCK 
97  CES/CEVR 
401  L  AVE 

ALTUS  AFB,  OK  73523-5138 

ELECTRONIC  MAIL  ADDRESS 


866-S841 


866-7346 


COMMERCIAL 

(405)  481-5841 


VOICE  NO. 


COMMERCIAL 

(405)  481-7346 


SECTION  II  ■  TO  BE  COMPIETED  EUCTRO  MAIL  OPERATflB 

OATETRANSMITTIO  ^  I  TIME  TRANSMITTED 


DATE  ADDRESSEE  CONTACTED 


TIME  ADDRESSEE  CONTACTED 


CONTACTOR'S  SIGNATURE 


ilM  3535,  FEB  95  (Ef^Vlitfufompm 


PREVIOUS  EDITION  IS  OBSOLETE. 


mg/L  arsenic  <0.005  <0.005 

mg/L  barium _ 0.02  <0.01 

mg/L  cadmium  <0.005  <0.005 


E0  39tfd 


9dW  Sniiy  /\30/S3D  L& 


Tt>8ST8frS0t> 


Strei  Z.66T/6T/90 


000IU1-MW1 


20  39yd 


sdy  sniny  /\30/s30  lb 


Tfsgist’ggf 


6t-:ei  £661/61/90 


FQL  •  Practical  auBnti tar ioa  Limit 


WTS7 


900@] 


W7 — ld:4y - 4kjb4dibb41 


b/  (JLb/ChV  ALlUb  Ahb  PAGE  05 


< 

s 

3 

I 


winLTsnntf'ttBn 


•ea  »  ei I  rri 


aik  •YT  la  /AA  /AA 


PQl  •  Practicsl  OuanliUtion  Unit 


POL  •  Practical  QvantUatton  limit 


T=HGiC.“  Gl 


WO/UO/MY 


12:52 


^JTIJ  775  7659 


OHU  HOUSTON 


@010 


CHEMRON 

SS  INCORPORATED 


*  Dissolved  Orgaaic  Carbon 


r  1 


id;  4a  4UlD4bibb4i 

u»/utJ/»7  12:52  0713  775  7659 


a/  Ltb/UtV  Ai-iUb  Arc 

OM  HOUSTON 


i=huE  SB — 
1^011 


CHEMRON 

INCORPORATED 

10526  Gulfdale  •  San  Anionlo,  1ibxa»  78216-3601  •  (210)  340*8121 


Client:  OHM  southwest  Region 
225  West  Airtex 
Houston^  TX  77090 


Client's  Job  #; 

COC  #: 
Report  Date: 
Chemron's  Job  #: 


19735 

5122&5141 

06/04/97 

10489 


Date  &  Tine  Received: 
05/29/97,  09:00 


Date  Sampled: 
05/27/97 


CHEMICAL  ANALYSIS  REPORT 


Chemron 

# 


sample  Description 


Alkalinity 

Sample  Date  MG/L 

Matrix  Analyzed  CaC03 


'4670 


64673 

64674 


19735  AltUS  AFB  Tulsa  Terc 
OOOIUl-MWOOOl-OOl  05-27-97 
19735  AltUS  AFB  Tulsa  Terc 
ioopiOl-KWlOOl-001  05-27-97 
19735  Altus  AFB  Tulsa  Terc 
OOOI17-KW0001-001  05-28-97 
19735  Altus  APB  Tulsa  Terc 
OOOI17-MW0002-001  05-28-97 
19735  Altus  AFB  Tulsa  Terc 
000I17-MW0003-001  05-28-97, 


Altus  OK 
17:20 
Altus  OK 
18:00 
Altus  OK 
07:35  . 

Altus  OK 
07:50 
Altus  OK 


Water 

Water 

Water 

Water 

Water 


Approved  By: 


06/04/97 

06/04/97 

06/04/97 

06/04/97 

06/04/97 


230. 

210. 

75. 

SO. 

130. 


310.1/SM  2320 


OI5/OS/97  12:53  C713  775  7658 


OHM  HOUSTON 


0)012 


CHEMRON 

INCORPORATED 


10^26  Gulfdale  •  5:iin  Antonio,  Texas  78216-5601  •  (210)  340-81 


Client:  OHM  jSouthwest  Region 
225  'west  Airtex 
Houston,  TX  77090 


Client's  Job  #:  19735 

COC  #:  5122&5141 
Report  Date:  06/04/97 


Date  &  Tine  Received: 
05/29/97,  09:00 


Date  Sampled: 
05/27/97 


* 

CHEMICAL 

ANALYSIS 

REPORT 

Chemron 

i 

!  1  .  . 

Sample  Description 

sample 

Matrix 

Date 

Analyzed 

Sulfide 

(MG/L) 

64670 

119735  Altus  AFB  Tulsa  Terc 

!OOOIU1-MW0001-001  05-27-97 

*  1 

Altus 

1 

Water 

06/02/97 

<  1 

64672 

19735  Altus  AFB  Tulsa  Terc 
006i17-MW0001-001  05-28-97 

j 

Altus 

0 

Water 

06/02/97 

64673 

19735  Altus  AFB  Tulsa  Terc 
OO9II7-MWOOO2-OOI  05-28-97 

Altus 

o' 

Water 

06/02/97 

<  1. 

64G74 

19735  Altus  AFB  Tulsa  Terc 

Altus 

Water 

06/02/97 

<  1. 

OO0I17-MW00O3-001  05-28-97  1 


Approved  By: 


HUUHOi.UOHX 


3  T  UC.O/  Hl-lUO  HPD 


rHOt_ 


UD/  x:3/  1  ri3  r  HD 


uy/Otf/y?  12; 50  0713  775  7658 


OHaf  HOUSTON 


@013 


CHEMRON 

##  INCORPORATED 


10526  Gulfdale  •  San  Anconio,  Ibos  78216-3601  *  (210)  340-8121 


Client:  OHN  Southwest  Region 
225  West  Airtex 
Houston,  TX  77090 


Client’s  Job  #;  19735 

COC  #:  5122&5141 
Report  Date:  06/03/97 
Chenron's  Job  ID:  10489 


Date  &  Time  Received: 
05/29/97,  09:00 


Date  Sampled; 
05/27/97 


CHEMICAL  ANALYSIS  REPORT 
(MG/L) 


Chemron 

# 


Sample  Description 


Sample  Date 

Matrix  Analyzed  Nitrate 


-,4670  ' 


64672 


64673 


64674 


19735  Altus  AFB  Tulsa  Terc  Altus  OK 
OOqiUl-MWOOOl-001  05-27-97  17:20 

isJss  Altus  APS  Tulsa  Terc  Altus  OK 
OOqiUl-MWlOOl-OOl  05-27-97  18:00 
• 

19735  Altus  APB  Tulsa  Terc  Altus  OK 
000117-MW0001-001  05-28-97  07:35 

19735  Altus  AFB  Tulsa  Terc  Altus  OK 
0OOI17-MWOO02-OO1  05-28-97  07:50 

19735  Altus  AFB  Tuisa  Terc  Altus  OK^ 
OOOI17-MW0003-001  05-28-97  11:20  /j 


Water  05/30/97  is. 


water  05/30/97  19. 


Water  05/30/97  33. 


Water  05/30/97  6.5 


water  05/30/97  ii. 


Approved  By: 


'W-TiC" 


@015 


uo/uo/a/  12:50  TOTTia  775  7059  OHM  HOUSTON 

CHEMRON 

incorporated _ 

■  1052(5  Gulfdalc  •  San  Antonio,  lfex«s  78216-5601  •  C^IO)  340-8121 


Client;  OHM  Southwest  Region 
225  West  Airtex 
Houston,  TX  77090 


Client's  Job  #: 

COC  #: 
Report  Date: 


19735 

5122&5141 

06/04/97 


Date  &  Time  Received;  Date  Sampled: 

05/129/97,  09;  00  05/27/97 


CHEMICAL  ANALYSIS  REPORT 


Chemron 

# 

64670 

1671 

«2 

3 

64674 


Sample  Description 


19735  Altus  APB  Tulsa  Terc  Altus 
OOOIUl-MWOOOl-OOl  05-27-97  17:20 
19735  Altus  AEB  Tulsa  Terc  Altus 
OOOIUl-MWlOOl-OOl  05-27-97  18:00 
19735  Altus  AFB  Tulsa  Terc  Altus 
00OI17-MW0001-OO1  05-28-97  07:35 
19735  Altus  AFB  Tulsa  Terc  Altus 
0O0I17-MW00O2-O01  05-28-97  07:50 
19735  Altus  AFB  Tulsa  Terc 
OOOI17-MW0003-001 


Approved  By; 


Sample 

Matrix 

Date 

Analyzed 

Sulfate 

(MG/L) 

OK 

Water 

06/04/97 

2100. 

OK 

Water 

06/04/97 

5300. 

OK 

Water 

06/04/97 

6200. 

OK 

Water 

OS/04/97 

2800. 

OK 

Water 

06/04/97 

2600. 

Analyti^l  Method;  300 


08/03/97  11;33 


0713  775  7859 


OHM  HOUSTON 


HACib  r:3 

@022 


CHEMRON 

INCORPORATKU 


10526  Gulfidalc  •  San  Antonio,  Tfexas  7823,6>5601  •  (210)  340-81 


Client: 

OHM  Southwest  Region 
226  \^e6t  Airtex 

Houston  TX  77090 


Sample  Description; 

RroJeptNo.  19735 

Project  Name/Loc  1 9735  AlUls  AFB  Terc  Alius  AFB 

Client  Sample  10;  OO0IU1-SM-MWD1-O38'  05>16>97  09:33 


Report  Date;  05/31/97 
•  •  COC«5123 

Job  1.0.#  10430 
Chemran  Sample  #  64408 
Sample  Matrix;  Soil 
Sampling  Date:  05/16/97 
SampiingT(me:  09:33 
Analysis  Date;  05/Z2/97 
Analysis  Time;  21:35 
QC  Batch:  PV052297 


VOLATILE  ORGANIC  ANALYSIS  REPORT 

EPASW-S46  Method  8260a 


ANALYTE 

POL 

Units 

RESULTS 

Acetone 

20 

ug/Kg 

< 

20 

(U) 

Acrolein 

100 

ug/Kg 

< 

100 

(U) 

Acrylonitrile 

100 

ug/Kg 

< 

100 

(U) 

Benzene 

5 

ug/Kg 

< 

5 

cu) 

Bromobenzene 

5 

ug/Kg 

< 

5 

(U) 

Bromochloromethane 

5 

ug/Kg 

< 

5 

(U) 

Bromodichlorornethane 

5 

ug/Kg 

< 

5 

(U) 

Bromoform 

5 

ug/Kg 

< 

5 

(U) 

Bromomethane 

10 

ug/Kg 

< 

10 

(U) 

Z-Butanone 

5 

ug/Kg 

< 

5 

(U) 

Carbon  Disulfide 

5 

ug/Kg 

< 

5 

(U) 

Carbon  Tetrachloride 

S 

ug/Kg 

< 

5 

(U) 

Chlorobenzene 

5 

ug/Kg 

< 

5 

(U) 

Chlorodibromomethane 

5 

ug/Kg 

< 

5 

(U) 

Chloroethane 

5 

ug/Kg 

< 

5 

(U) 

2-Chloroethyl  Vinyl  Elher 

5 

ug/Kg 

< 

5 

(U) 

Chloroform 

5 

ug/Kg 

< 

5 

(U) 

Chloromethane 

5 

ug/Kg 

< 

5 

(U) 

2>Chlorotoluene 

5 

ug/Kg 

< 

5 

(U) 

4.C,hlorotoluene 

5 

ug/I^ 

< 

5 

(U) 

1 .2-Dibromo>3-Chloropropane 

5 

ug/Kg 

< 

5 

(U) 

1 ,2-Oibromomethane 

5 

ug/Kg 

< 

5 

(U) 

Oibromomethane 

5 

ug/Kg 

< 

5 

(U) 

1.1-Dichloroethane 

5 

ug/Kg 

< 

s 

(U) 

1 .2>Dlchloroethane 

5 

ug/Kg 

< 

5 

(U) 

1,1'Dichloroethens 

5 

ug/Kg 

< 

5 

(U) 

1  .Z'Oichlorobenzene 

5 

ug/Kg 

< 

5 

<U) 

page  i  of2 


uv/vj/ut  ix;o4  ’any  775  7959 


OM  HOUSTON 


@023 


%v 


CHEMRON 

INCORPOB.ATCD 


10326  Gulfdale  •  San  Antonio,  Tacas  78216-5601  •  (210)  340'8121 


Chemron  Sample  P  64408 


QC  Batch:  PV0522S7 


ANALYTE 

1 ,3-Oichlorobenzene 

PQL 

5 

Units 

ug/Kg 

RESULTS 

<  5 

(U) 

'l  ,4-Oichlorobenzene 

5 

ug/Kg 

c 

5 

(U) 

Oichiorodifluoromethsne 

5 

ug/Kg 

< 

5 

(U) 

CiS'1.,2-Oichloroethene 

5 

ug/Kg 

< 

5 

(U) 

Trans-1 ,2-Oichloroethene 

5 

ug/Kg 

< 

5 

(U) 

1 ,2-Dichloropropane 

5 

ug/Kg 

< 

5 

(U) 

1 ,3-Dichloropropane 

8 

ug/Kg 

< 

5 

(U) 

1 , 1  -Oichloropropane 

5 

ug/Kg 

< 

5 

(U) 

Cis-1 ;  3-Dichloropropene 

5 

ug/i^ 

< 

5 

(U) 

T ranS'1  .S-Oichloropropene 

5 

ug/Kg 

< 

5 

(U) 

Ethylbenzene 

5 

ug/Kg 

< 

5 

(U) 

2-Hexanone 

10 

ug/Kg 

< 

10 

(U) 

Hexachlorobutadiene 

5 

ug/Kg 

< 

5 

(U) 

Methylene  Chloride 

5 

ug/Kg 

< 

5 

(U) 

4-Methyl-2-P8ntanone 

5 

ug/Kg 

< 

5 

(U) 

Naphthalene 

5 

ug/Kg 

< 

5 

(U) 

Styrene 

5 

ug/Kg 

< 

5 

(U) 

1,1,1 ,2'Tetrachloroethane 

5 

ug/Kg 

< 

5 

(U) 

1 . 1 ,2|2-Tetrachtoroeihane 

5 

ug/Kg 

< 

5 

(U) 

T  etrachloroethene 

5 

ug/Kg 

< 

5 

(U) 

Toluene 

5 

ug/l^ 

< 

5 

(U) 

1 ,2,3-T  richlorobenzene 

5 

ug/Kg 

< 

5 

(U) 

1 ,2,4-Trichlorobenzene 

5 

ug/Kg 

< 

5 

(U) 

i.i.l-Trichloroeihane 

5 

ug/Kg 

< 

5 

(U) 

1 , 1 ,2-Trichloroethane 

5 

ug/Kg 

< 

5 

(U) 

Trichlofoethene 

5 

ug/Kg 

< 

5 

(U) 

Trichlorofluoromethane 

5 

ug/l^ 

< 

5 

(U) 

Vinyl  Acetate 

S 

ug/Kg 

< 

5 

(U) 

Vinyl  Chloride 

5 

ug/Kg 

< 

5 

(U) 

o-’Xylene 

5 

ug/Kg 

< 

5 

(U) 

m.p-'Xylenes 

S 

ug/Kg 

< 

5 

(U) 

Approved  by : 
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CHEMRON 

INCORPORATED 


10526  GuJfUale  •  San  Anionio,  U'xas  78216-3601  •  (210)  340-811 


Client: 

OHM  Southwest  Region 
225  West  Airtex 
Houston  TX 


77090 


Sample  Description: 

Project  No.  19735 

Project  Name/Loc:  1 9735  Altus  APB  Terc  Altus  APB 


Client  Sample  lO: 

I  I 

I 


0001U1-SM-MW01-04S  05-16-97  09;50 


Report  Date: 
COC# 
Job  I.D.  # 
Chemro|^n  Sample  # 
Sample  Matrix: 
Sampling  Date: 
SamplingTime: 
Analysis  Date: 
Analysis  Time: 
QC  Batch: 


05/31/97 

5123 

10430 

64409 

Soil 

05/16/97 

09:50 

OS/22/97 

22:19 

PV052297 


VOLATILE  ORGANIC  ANALYSIS  REPORT 

EPASW-846  Method  8260a 


ANALYTE 

PQL 

Units 

RESULTS 

Acetone 

20 

ug/Kg 

< 

20 

(U) 

Acrolein 

100 

ug/Kg 

100 

(U) 

Acrylonitrile 

100 

ug/l^ 

< 

100 

(U) 

Benzene 

5 

ug/Kg 

<  ‘ 

5 

(U) 

Bromobenzene 

5 

ug/Kg 

< 

5 

(U) 

Bromochioromethane 

5 

ug/Kg 

< 

5 

(U) 

Bromodichloromethane 

5 

ug/Kg 

< 

5 

(U) 

Bromofarm 

5 

ug/Kg 

< 

5 

(U) 

Bromomethane 

10 

ug/Kg 

< 

10 

(U) 

2-Butanone 

5 

ug/Kg 

< 

5 

(U) 

Carbon  Disulfide 

5 

ug/Kg 

< 

5 

(U) 

Carbon  Tetrachloride 

5 

ug/Kg 

< 

5 

(U) 

Chlorobenzene 

5 

ug/Kg 

< 

5 

(U) 

Chlorodibromomethane 

5 

ug/Kg 

< 

5 

(U) 

Chloroethane 

5 

ug/Kg 

< 

5 

(U) 

2-Chloroethyl  Vinyl  Ether 

5 

ug/Kg 

< 

5 

(U) 

Chloroform 

5 

ug/Kg 

< 

5 

(U) 

Chloromethane 

5 

ug/Kg 

< 

5 

(U) 

2-Chlorocoiuene 

5 

ug/Kg 

< 

5 

(U) 

4-Chlo(iotoluene 

5 

ug/Kg 

< 

5 

(U) 

1 ,2-Dibromo-3-Chioropropane 

5 

ug/Kg 

< 

5 

(U) 

1 ,2-Oibrotnomethane 

5 

ug/Kg 

< 

5 

(U) 

Oibromomethane 

5 

ug/Kg 

< 

5 

(U) 

1,1-Dichloroethane 

S 

ug/Kg 

< 

5 

(U) 

1 ,2-Dichloroethane 

5 

ug/Kg 

< 

5 

(U) 

1,1-Dichloroethene 

5 

ug/l^ 

< 

5 

w 

1 ,2-Oichlorobenzene 

5 

ug/Kg 

< 

5 

(U) 

page  1  of  2 
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i|  • 

CHEMRON 

00  INCORPORATED 

10526  Gulfdnic  •  San  Antonio,  Texas  76216-3601  •  (210)  340-812 

QC  Batch:  PV0S22S7 


Chemron  Sample  #  64409 


;.i 


I 


ANALYTE 

1,3-Dichlorobenzene 

PQL 

5 

Units 

.  ug/Kg 

RESULTS 

<  5 

(U) 

1 ,4-DichlorDbenzene 

5 

ug^g 

< 

5 

(LI) 

Dichlorodifluoromethane 

5 

ug/Kg 

5 

(U) 

Cis-1 ,2-Dichloroethene 

S 

ug/Kg 

< 

5 

(U) 

T rans-1 ,2-Dichloroethene 

5 

ug/Kg 

< 

5 

(U) 

1 ,2-Dichloroprepane 

5 

ug/Kg 

< 

S 

(U) 

1 ,3-Oichloropropane 

5 

ug/Kg 

< 

5 

(U) 

1, 1  -Dichloropropane 

5 

ug/Kg 

< 

5 

(U) 

Cis-1  !3-Dichloropropene 

5 

ug/Kg 

< 

5 

(U) 

Trans-1  .S-Oichloropropene 

5 

ug/Kg 

< 

5 

(U) 

Ethylbenzene 

5 

ug/Kg 

< 

5 

(U) 

2-Hexanone 

10 

ug/Kg 

< 

10 

(U) 

Hexachlorobutadiene 

5 

ug/Kg 

< 

5 

(U) 

Methylene  Chloride 

5 

ug/Kg 

< 

5 

(U) 

4-Methyl-2-Pentanone 

5 

ug/Kg 

< 

5 

(U) 

Naphthalene 

5 

ug/Kg 

< 

5 

(U) 

Styrene 

5 

ug/Kg 

< 

S 

(U) 

1,1,1 ,2-Telrachloroethane 

5 

ug/Kg 

< 

5 

(U) 

1 , 1 ,2,2-Tetrachloroethane 

5 

ug/Kg 

< 

5 

(U) 

Tetrachloroethene 

5 

ug/Kg 

< 

5 

(U) 

Toluene 

5 

ug/Kg 

< 

5 

(U) 

1 ,2, 3-TrichIerebenzene 

S 

ug/Kg 

< 

5 

(U) 

1 ,2,4-Trichlorobenzene 

5 

ug/Kg 

< 

5 

(U) 

1 . 1 , 1 -Trichloroethane 

5 

ug/Kg 

< 

5 

(U) 

1 .1 .2-Trichloroethane 

5 

ug/Kg 

< 

5 

(U) 

Trichloroethene 

5 

ug/Kg 

< 

5 

(U) 

Trlchlorotiuoromsthane 

5 

ug/Kg 

< 

5 

(U) 

Vinyl  Acetate 

5 

ug/Kg 

< 

5 

(U) 

Vinyl  Chloride 

5 

ug/Kg 

< 

‘5 

(U) 

o-'Xylene 

5 

ug/Kg 

< 

5 

(U) 

m.P'Xylenes 

5 

ug/Kg 

< 

5 

(U) 

*ii 
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«L  CHEMRON 

r  tWCO»>0«AT»P  _ 

10526  OuUilalc  *  Sut  AnsonlA.  Ifeau  78216.3601  «  (310)  3^0.8121 


•  Clitnt: 

OHM  9oulhw«8t  Reslon 
2Z3W^»lAinax 

Houston  TX  77060 


Sampia  DosCTlpoon: 

Project  Na  19733 

Project  Name^Lee:  18733  ARUS  AP0  Tulsa  Tnc  Alius  OX 
orient  Sample  ID:  OOOIU1<MWU»1.001 03*2r>87 17:20 


Report  Date:  OVOVOT 
COC#  6122A6141 
Job  LO.  #10486 
Chomren  Sample#  84176 
Sample  Mairbc  Water 
SompPne  Date;  05/27/97 
SemplIngThne:  17:20 
Analyst*  Data:  01/0207 
AnaiyeleTima:  18:31 
QCeeteh:  PV060267 


VOLATILE  ORGANIC  ANALYSIS  REPORT 
EPASw^sas  Method  szaoa- 


ANALYTE 

POL 

Unite 

RESULTS 

ASBiOnB 

10 

ug/L 

< 

10 

(U) 

Aemleln 

20 

ugA. 

< 

20 

(UJ 

Asrylenitiile 

20 

ug/l 

< 

20 

(U) 

BeiKCMia 

1.0 

ug/L 

1.0 

(U) 

Brompoenzene 

1.0 

wg/L 

1.0 

<U) 

BremecMoromalhano 

1.0 

ug/L 

< 

1.0 

(UJ 

Bremedichleiomethane 

1A 

ug/k 

1.0 

(U) 

Brofflotorm 

1.0 

< 

1.0 

(U) 

BromomePiane 

1.0 

ug/L 

< 

1.0 

(«) 

2H}utanene 

5.0 

ug/L 

< 

S.0 

(UJ 

Carbon  DIsulMe 

2.0 

ue/L 

< 

zo 

(U) 

Carbon  Tatrachlondd 

1.0 

ug/L 

< 

1.0 

(UJ 

CMorobenzene 

1.0 

Ug/L 

< 

1.0 

(U) 

CMoiadibrememelhena 

1.0 

ug/L 

< 

1A 

(U) 

Chlereethane 

2J0 

ugo. 

< 

2.0 

(U) 

S'CMeroatfiyi  vmyi  bmer 

9.0 

ug/L 

y; 

5.0 

(U.M) 

cmoroKortn 

1.0 

ug/L 

< 

1.0 

(U) 

Chieremeihane 

2.0 

ug/k 

2.0 

(U) 

S^Chioietoluene 

1A 

UQA. 

< 

1.0  . 

(U) 

AChlorololuene 

1.0 

up/L 

< 

1.0 

(U) 

1 .2-Dlbromo>3.cidoropiQ{w>e 

2.0 

ug/L 

zo 

(U> 

lA'DIbrememethepe 

&0 

iigA. 

< 

$A 

(U> 

Olbrememetharw 

2.0 

ugA. 

< 

ZO 

(U) 

1.1'Dietiionwtnana 

1.0 

ug/L 

< 

1.0 

(U) 

1.2>OlctiJonielhane 

1A 

wgAp 

< 

1.0 

(U) 

i.l.Dlchloreothene 

1.0 

ua/i 

< 

1.0 

(U) 

1,2«OieMorobenzene 

1.0 

ug/L 

< 

1.0 

(U) 

I^8a1ef2 
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CHEMRON 

INCOXPORATSP 


Ohtmrwi  3«mpto  #  64870 


10520  Gulfiiale  *  San  Anoonlo,  Ibttt  7B216«560l  *  (310)  340.8221 


QCBiteit:  PVOeoSO? 


ANALYTe 

PQU 

Unite 

RESULTS 

i.3.0lBOlOPabei:zana 

1.0 

uQ/L  . 

< 

1.0 

(U) 

1 ,4^lthl9reben2eM 

10 

UO/L 

c 

ID 

(U) 

Diehlorodilluereinathana 

1.0 

ug/l. 

< 

1.0 

{R.U) 

at.1^<J3ictiiere«nena 

1.0 

ugA. 

< 

1.0 

(U) 

Trans'!  ,2*Dtct)k)roeA8iw 

1.0 

ug/L 

c 

1.0 

(U) 

1 ,2'OleMereprepane 

1.0 

ag/L 

< 

1.0 

(U) 

i.O-Olehieroprepafia 

.1.0 

ugn 

< 

1.0 

(U) 

i.i'Dicnioroprepana 

1.0 

iigil. 

< 

1.0 

(U) 

CiS'l.O'OtcMereprcpene 

1J> 

Ug/L  ‘ 

.  < 

1.0 

(U) 

Tranarl  >Oichlei«prepona 

1.0 

ugA. 

< 

1.0 

(U) 

Ethylbaroana 

1.0 

ugn. 

< 

1.0 

(U) 

2-Ha)(anena 

S.D 

ug/L 

6.0 

(U) 

HexscNorobulsOiena 

1.0 

ug/L 

< 

1.0 

(U) 

Maihylatie  CMeride  . 

1.0 

ugA. 

< 

1.0 

(U) 

4.MBthyU3<4>antaneno 

6.0 

ug/L 

< 

$.0 

(U) 

Nsphti^iAna 

1.0 

ug/L 

< 

ZQ 

(U) 

Siyrene 

1.0 

ug/L 

< 

1.0 

(U) 

l.i.I.a-Teb’dchieresthone 

1.0 

ug/L 

< 

1.0  . 

(U) 

1 ,1.2^-Tetraehlatoatham 

1.0 

ug/L 

< 

1.0 

(U) 

Tatrsehlcroathane 

1.0 

ugA. 

< 

1.0 

(U) 

■Toluana 

1.0 

ifg/t 

1.0 

(U) 

1 ,2.3-TrlBMeivbansane 

1.0 

wg/L 

1.0 

(0) 

1 ,2,4-TitehleteOaiiMno 

1.0 

iig/L 

< 

1,0 

(U) 

I.I.l'TrUMereathana 

12) 

ug/L 

< 

1.0 

(U) 

1 ,1  jS-TfieMoroamana 

1.0 

ugA.  . 

<  ■ 

1.0 

(U) 

Trlchiorgethopo 

1.0 

ug/L 

< 

1.0 

(U) 

TdchiDCpfluoreniaOtana 

1.0 

Ug/L 

<  * 

1.0 

CU) 

Vinyl  Aeotata 

5.0 

ug/L 

< 

0.0 

(U) 

Vinyl  CMenda 

2.0 

Ug/L 

2.0 

(U) 

o.'Xylana 

1.0 

ug/L 

< 

1.0 

(«) 

m.P''Xyienes 

1.0 

utfL 

1.0 

(U) 

ApprovM  by : 
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CHEMRON 

IMCOSPOBATRD 


X0S26  CuUUalc  •  San  Amonio,  Iba*  78216>3^1  •  (210)  340>8121 


Cilsnii 

OHM  Gouthwest  Ragiofl 
22S  Watt  Airtex 

Houaton  TX  77080 


Santpti  DMcnpaon: 

Projeot  No.  18736 

P/t||oetNafnaa.oe  1 8735  AlusAF?  Tulsa  Toro  AKut  OK 
CuontSomplOlD:  0QQIU1JW\I0001<RN  05-27<«7 


Report  Daio:  os/03/aY 
C0C8  5143 
JebLD.#  10488 
Chwniw  somplert  M87B 
Campla  Metrbc  Water 
Samplinp  Dole:  0Sa7rtl7 
SeoiplInpTiiiw;  10:00 
Anatinie  Me:  08/02/87 

Analysis  Time:  2229 
QCB8ia):pyo60287 


VOLATILE  ORGANIC  ANALYSIS  REPORT 
ePASWa46  Uethdrisaeoa 


ANALYTE 

Acotone 

Aereieln 

AcfyionlUna 

smena 

Brbimbwnane 

Bremeehlereinethona 

Brsmodiohtaisntettians 

llrOfflotorm 

Bienieinettiana 
B-Butenena 
Carton  Oitulfida 
Carton  TenachioriOa 
Chloreteraane 
Cnferedlbrernemolhana 
Chlaroathane 
2*CMoroatnvl  Vmyi  Etirer 
Chieroiotn) 

Cniorametftano 

2>ChlorDtoluane 

a^ioroioiuene 

1 .2- DlbromO'3-Cniofopropane 

1.2- Ditreme(naihana 
Otbramenwtiinna 
i.i’OicMoroettiana 
1.2*Oichloreothatw 

1 . 1  •Diohloroolhone 

1 2'DiehlerQbenzaita 


POL 

Unite 

REfiULTt 

10 

ug/L 

< 

to 

(U) 

30 

ug/L 

< 

20 

(V) 

20 

U0/I. 

20 

(UI 

1.0 

ug/t 

< 

1.0 

(U) 

1.0 

ug/L 

< 

1.0 

(U) 

1.0 

ug/L 

< 

1.0 

(U) 

10 

ug/L 

< 

1J) 

(U) 

1.0 

ug^l 

1.0 

(U) 

1.0 

ugrt.  , 

< 

1.0 

(U) 

6.0 

ug/L 

< 

S.0 

(U) 

2.0 

ug/l. 

< 

2.0 

(U) 

1.0 

ug/L 

< 

1.0 

(U) 

1.0 

ug/L 

< 

14) 

(U) 

1.0 

wg/L 

< 

1A 

(U) 

2.0 

ug/i 

< 

24) 

(U) 

5.0 

UgO. 

c 

5.0 

(U.M) 

1.0 

ug/L 

< 

1.0 

(U) 

2.0 

ug/L 

< 

2.0 

(U) 

1.0 

i)g/I. 

< 

1.0 

<U) 

1.0 

ug/L 

% 

1.0 

(U) 

2.0 

ugA. 

< 

2.0 

(U) 

6.0 

ug/L 

< 

5.0 

(U) 

7.0 

ug/l. 

< 

2.0 

(ID 

1.0 

ygfi 

< 

1.0 

(U1 

1.0  . 

ug/L 

< 

1.0 

(U) 

1.0 

ug/L 

< 

1.0 

w 

1.0 

ug/l. 

< 

1-0 

(U) 

page  1  efi 
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’'*^5  o™  HOUSTON 

^HEMRON  IMC. - TEL :210-340>S12:  Jun  03.97 


@000 

15:49  No. 007  P.03 


« 


CHEMRON 

INCOKPOKATBD 


eiMmionSaaiptoS  S4l7fi 


«526Gmf*le  •  San  Antonio,  %ca  762X6-3«01  •  (210)  S-iO-gxax 

OCBalsIi;  PV060287 


ANALYTE 

1 ,3-Oiohl6rooonz«no 
1.4<01cttioroben7ona 
.  bichierodinuoromainsno 
CtS*1 ,2*Dichlotoethan« 
Trans.1^.  DiohlotevOwnt 
Y,2-Diehloro|mp9na 
1  .S^eMorepropano 
1.Y>OichlQropropan« 

Cia-1  .S'Otehlon^pww 

Tnins.1.3^iohloropfop8ns 

Eifiylbenzena 

Z-Mannoiw 
HaxafihlOrabutadlana 
Maihyiona  Chlorida 
4'4Meit)yl^-p«anone 
Napiithaieno 

1 . 1 . 1 .2- T«lrBcMoroelh8ne 

1 . 1 .2.2- Totraeh)oroBtn8nc 
TsinKNoroemane 
Toluene 

1  A^'TriehJerabenzene 
1 ,2.2.T riehiombenzana 

1 .1.1  •Trienioreetnsne 

1 .1  .Z^TridiluroaUuna 
Tnchienoethena 
TriehleroAuoromathana 
Vinyl  Acetate 

Vinyl  cnionsa 

O'Xylane 

(n,p>Xylanea 


Approved  by ! 


POL 

UnRa 

RESULTS 

10 

Up/L 

<  1-0 

(U) 

1.0 

ugiL 

1.0 

(U) 

1.0  . 

uOtL 

<  1.0 

(R.U) 

1.0 

Ufi/L 

<  1.0 

(U) 

1.0 

ug/L 

*  1.0 

(U) 

1.0 

URA. 

«  1.0 

(U) 

1.0 

UQ/L 

<  1-0 

(U) 

1.0 

ug^ 

<  1.0 

(U) 

1.0 

uq/L 

<  1.0 

W) 

1.0 

usA. 

«:  1.0 

(U) 

1.0 

ug/L 

<  1.0 

(U) 

e.o 

Ug/L 

«  5.0 

(U) 

^Ja 

iigA. 

<  1.0 

(U) 

1.0 

UtPL 

«  1.0 

(U) 

5.0 

upA. 

<  S.0 

(V) 

1.0 

uglL 

<  zo 

(U) 

1X1 

ug/L 

<  i.n 

(U) 

1.0 

ug/L 

<  1.0 

(U) 

1,0 

u{yL 

<  1.0 

(U) 

1.0 

ug/L 

<  1-0 

(U) 

1.0  • 

ug/L 

<  1.0 

(U) 

1.0 

<  1.0 

(U) 

1.0 

ug/L 

<  1.0 

(U) 

1.0 

ug/l 

<  1.0 

(U) 

1.0 

ug/L 

<  1.0 
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APPENDIX  D 


MODEL  INPUT  PARAMETERS,  RELATED  CALCULATIONS,  AND 
SENSITIVITY  ANALYSIS  RESULTS 


S:\ES\WP\PROJECTS\722450\ALTUS\6.DOC 


22-141  50  SHEETS 

22-142  100  SHEETS 

22-144  200  SHEETS 


Af5  0U.I 


OLl'l-0  3 

TW  I 
“TvJ  Z. 

-TvO*-^ 

TWS 

VnIUOQ)^. 


13*4  ^.Co  “7 
I  34‘4.*8’o' 

I 

\35^.So' 

133‘S.?'^ 

1^33.40' 


<^l^hn 


4K 

iL 

1 

-4-- _ 

5.?T  ' 

0.001 

l.fz' 

4zo' 

0.  oo4 

3.  fa?'' 

n^o' 

O.OOSc^L 

o.4i' 

0,  ooo°i 

3.4  V 

isoo' 

0,0(09L 

f\\ie\  ,  0.00349^ 


Calculation  of  model  simulated  average  concentration  of  CAHs 
in  surface  water  (Stinking  Creek)  in  1997 


•  Estimated  Average  Width  of  Stinking  Creek 
Estimated  Average  Depth  of  Stinking  Creek 
Average  Cross-sectional  Area  of  Stinking  Creek 
Measured  Flow  Velocity  of  Stinking  Creek 
Estimated  Flow  through  Stinking  Creek 
Discharge  Mass  (based  on  computer  simulation) 


1  m 
0.25  m 
0.25  m^ 
0.25  m/sec 
62.5  L/sec 
3194  g/yr  ( 


0.0001  g/sec) 


Average  Concentration  (based  on  computer  1.65E-06  g/L 

simulated  discharge  mass  and  estimated  1.65E-03  mg/L 

volumetric  flow  of  Stinking  Creek)  1 .64852  pg/L 


Total  BTEX  Concentration  (ug/L) 


FIRST-ORDER  DECAY  RATE  CALCULATION 
USING  THE  METHOD  OF  BUSCHECK  AND  ALCANTAR  (1995) 

OU-1 

REMEDIATION  BY  NATURAL  ATTENUATION  TS 
ALTUS  AFB,  OKLAHO\U 


Point 

Distance  (ft) 
Downgradient 

TCE  (ugA-) 
June- July  1996 

OU-l-03 

0 

12700 

TWl 

590 

690 

TW-2 

1010 

736 

TW-3 

1320 

347 

TW4 

2160 

51.1 

PLOT  OF  TCE 
CONCENTRATION 
VERSUS  DISTANCE 


X=  v/4a,([l+2a,(k/v0f-l) 

where  Vg  =  0.4 

ft/day 

II 

o 

o 

feet 

k/v  =  0.0024 

therefore  X=  1.88E-03 

days*^ 

6.87E-01 

years*’ 

L:\4S024\bldg301\report\tables\busch.xls 


REDUCTIVE  DECHLORINATION  RATE 
MOUTOUX  METHOD  (1995) 
entire  flow  path  (april  97) 

B301  RNA  TS 
OFFUTT  AFB,  NEBRASKA 

Step  1:  Enter  Observed  Contaminant  Concentration  (jig/L) 


Well 

PCE 

TCE 

DCE 

VC 

Ethene 

Total  CAHs 

OU-1-03 

0 

12700 

1099.8 

0 

0 

13799.8 

TW1 

0 

690 

142.7 

0 

0 

832.7 

TW2 

0 

736 

71.6 

0 

0 

807.6 

TW3 

0 

347 

50.8 

0 

0 

397.8 

TW4 

0 

51.1 

3.4 

0 

0 

54.5 

Step  2:  Compute  Molar  Concentrations  (micromoles/Liter) 

Well  ^^pcE  Mice  ^dce  Mvc 

M  Ethene 

Total  McaHs 

OU-1-03 

0 

96.67 

11.35 

0.00 

0.00 

108.01 

TW1 

0 

5.25 

1.47 

0.00 

0.00 

6.72 

TW2 

0 

5.60 

0.74 

0.00 

0.00 

6.34 

TW3 

0 

2.64 

0.52 

0.00 

0.00 

3.17 

TW4 

0 

0.39 

0.04 

0.00 

0.00 

0.42 

Step  3:  Compute  Carbon  Equivalents 

Well  Total  Mcahs  x  2 

=  Ceqi 

Mvc 

S  =  Cleqi 

OU-1-03  108.01 

TW1  6.72 

TW2  6.34 

TW3  3.17 

TW4  0.42 

Step  4:  Compute  Chlorine  Equivalents 
Well  MpcE  X  4  I^TCE  X  3 

216.02 

13.45 

12.68 

6.33 

0.85 

Mqce  X  2 

OU-1-03 

0 

290.00 

22.69 

0 

312.69 

TW1 

0 

15.76 

2.94 

0 

18.70 

TW2 

0 

16.81 

1.48 

0 

18.28 

TW3 

0 

7.92 

1.05 

0 

8.97 

TW4 

0 

1.17 

0.07 

0 

1.24 

Step  5:  Compute  Corrected  CAH  Concentrations 

C|,corr  “  Cn  con- 

X  (Cleq,  /  Cleqn)  x  (Ceqn  /  Ceqi) 

Well 

Cu.corr 

Cleqi/  Cleq^ 

Ceqn  /  Ceqi 

Ci.eocr 

OU-1-03 

13799.8 

TW1 

13799.8 

0.060 

16.064 

13256.9 

TW2 

13256.9 

0.978 

1.060 

13745.2 

TW3 

13745.2 

0.491 

2.003 

13511.3 

TW4 

13511.30 

0.138 

7.465 

13906.2 

L;\45024\bldg301\report\tables\corrcah.xls 


REDUCTIVE  DECHLORINATION  RATE 
MOUTOUX  METHOD  (1995) 


entire  flow  path  (april  97) 
B301  RNA  TS 
OFFUTT  AFB,  NEBRASKA 


Step  6:  Plot  Exponential  Trendline  of  Contaminant  Concentration  vs.  Time 


Well 

Distance 

From 

Source  (ft) 

CAH 

avg.  velocity 
(ft/day) 

CAH 
Travel 
Time  (day) 

Ci.conr 

OU-1-03 

0 

0.4 

0 

13799.8 

TW1 

590 

0.4 

1475 

13256.9 

TW2 

1010 

0.4 

2525 

13745.2 

TW3 

1320 

0.4 

3300 

13511.3 

TW4 

2160 

0.4 

5400 

13906.2 

Reductive  Dechlorination  Rate 
C  =  Coe'“  where: 

C  =  Corrected  Contaminant  Concentration  (ng/L)  at  time  t  (days) 
Co  =  Initial  Contaminant  Concentration  (pg/L) 
k  =  Reductive  Dechlorination  Rate  (days*’ ) 


from  plot: 


y  =  136830'®^'°®’' 


k  =  8.0E-06  days'’ 

k  =  2.9E-03  years’’ 


L:V45024\bldg30 1  \report\tables\corrcah.xls 


REDUCTIVE  DECHLORINATION  RATE 
OU-1-03  >  TW2  >  SB11WD  >  TW3  >  WL062 
OU1 

REMEDIATION  BY  NATURAL  ATTENUATION  TS 
ALTUS  AFB,  OKLAHOMA  , 


Contaminant  Travel  Time  (days) 


Par-sorks  Png.  Science,  Inc.  Visnal  MODFLOTV  v.2.20,  (c)  109S 

Project:  Altns  AFB  OXJ— 1  Waterloo  Hydrogeologic  Software 

Description;  Calibkrateci  Plnme  NC;  74  NR:  52  NL:  1 


^cloilui':  PtAi-eioiiM  12S  Cviri-ei^t  Ljmyt^i 

Oct  97 


Calculated  versus  Simulated  Hydraulic  Heads 
Altus  AFB  OU-1  Flow  Calibration 


Observation  Name  bserved  Heads[fl 


WL018 

1,348.95 

WL022 

1,347.58 

WL021 

1,348.51 

OU-1 -03 

1,348.67 

WL020 

1,350.01 

WL019 

1,348.63 

TW1 

1,344.80 

TW9 

1,343.73 

TW8 

1,346.62 

7W15 

1,347.30 

TW2 

1,342.98 

TVV3 

1,343.11 

WL060 

1,341.16 

TW10 

1,340.67 

TW4 

1,339.30 

TW5 

1,338.89 

7W11 

1,337.68 

TW13 

1,339.74 

TW6 

1,338.04 

7W14 

1,337.74 

7W7 

1,336.51 

WL062 

1,335.40 

Calc  Heads[ft] 

Residual  (ft) 

1,349.86 

-0.91 

1,347.15 

0.43 

1,346.98 

1.53 

1,347.00 

1.67 

1,350.59 

-0.58 

1,347.28 

1.35 

1,344.40 

0.40 

1,344.73 

-1.00 

1,345.15 

1.47 

1,346.09 

1.21 

1,343.74 

-0.76 

1,343.15 

-0.04 

1,341.57 

-0.41 

1,340.95 

-0.28 

1,341.09 

-1.79 

1,339.80 

-0.91 

1,340.26 

-2.58 

1,339.66 

0.08 

1,338.85 

-0.81 

1,338.78 

-1.04 

1,336.69 

-0.18 

1,336.18 

-0.78 
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APPENDIX  E 


MODEL  INPUT  AND  OUTPUT  FILES 
SLUG  TEST  FILES 


S:\ES\WP\PROJECTS\722450\ALTUS\6.DOC 


Vic, ill  MODFLOW  Output  File^ 


After  running  the  model,  a  number  of 

Some  of  the  filei  generated  by  VUual  MODF^  may  be  vc^ 
large  (more  than  100  Mbytes)  cspceially  the  JJGT  and  the  .UGN 
files.  These  files  arc  typically  in  ASCII  format,  but  *" 

binary  format  to  save  disk  space.  These  files  arc  dc^bed  below 
The  files  marked  with  an  asterisk  (•)  can  get  quite  large  especially 
with  a  transient  simulation. 


General 

fiUnamc^SC 
♦  fiUnamelST 
filcnam^^S 
filcnameJ^Xe 


Visual  MODFLOW  output  file  containing  data  to  be  used  by 
ploning  programs,  such  as  Surfer  (Cioldca  Software)  -  ASCn  format 

Visual  MODFLOW  output  file  containingthe  listing  information 
and  messages  from  MODFLOW  -  ASCH  format 
Visual  MODFLOW  output  file  containing  the  POSTSCRIPT 
graphics  file  •  ASCII  format 

Visual  MODFLOW  output  file  containing  the  DXF  graphic  file  - 
ASQI  format 


5 


MODFLOW 

yZ/cnamtf.DDN 

yr/tfnamc.DVT 

♦  yi/crttimc.FLO 

•  /i/cnamc.HDS 

yi/cnemc.HVT 


MODFLOW  output  file  containing  drawdown  X,  Y,  Z  heads  for 
each  node  -  Binaty  format 

MODFLOW  output  file  containing  drawdown  versus  lime  results- 
Binary  format 

MODFLOW  output  file  containing  output  for  input  to  MT3D  ccil- 
by-ccll  How  terms  (See  MT3D  manual  for  format)  -  Binary  format 

MODFLOW  output  file  containing  cquipotcntial  results  -  Binary 
format; 

Contains  MODFLOW  head  versus  time  results  -  Binary  format; 


MT3D 

*  JUatameSyH 

♦  /i/cname.UCN 

•  filcxtameJtAAS 
*.  JiUname.CSF 


MT3D  output  file  containing  listing  information  and  messages  from 
MT3D  -  ASen  fortnaq 

MT3D  output  file  containing  unfonnatlcd  concentratioa  informadon 
-  Binary  format; 

MT3D  output  file  containing  mass  balance  file  -  ASCII  fonnat 
MT3D  output  file  containing  model  grid  configuration  file  -  ASCII 
format 


/ 


APPENDIX  E 

M0DFL0W/MT3D  MODEL 
INPUT  AND  OUTPUT  FILES 


altl_m.zip 

altl_out.zip 

alt2_in.zip 

ait2_out.zip 


Alternative  1  Prediction  Input  Files 
Alternative  1  Prediction  Output  Files 
Alternative  2  Prediction  Input  FUes 
Alternative  2  Prediction  Output  Files 


To  decompress  these  files,  type  the  following  at  the  C:\>  prompt: 
a:\pkunzip  a:\*.zip  c:\ 

This  will  create  the  ii^jut  and  output  files  for  each  model  run  in  uncompressed 
ASCn  format.  The  model  files  generated  and  the  data  contained  therein  are  listed  on 
the  attached  pages.  All  applicable  input  files  are  included.  Only  the  general 
MODFLOW  *.LST,  and  the  MT3D  *.OT  and  *.MAS  output  files  are  included. 


022/722450/278.DOC 


Translated  Inputs  for  Numerical  Models _ 

The  following  filcn  arc  generated  by  Visual  MODFLOW  during 
translation: 


Translated  MODFLOW  Files 

MODFLOW.IN  List  of  translated  files  that  Visual  MODFLOW  creates  for 

r  MODFLOW. 


JtUrtame^AS 

JlUnam^JRCF 

JlUnamc.CR 

JiUnameDiRS 

/iUnameJEVP 

fiUname.GHB 

/(femzme.OC 

filenameJPQG 

JiUnameJRCE 

fiUnameJRIV 

JiUnameSTP 

^eruxme.SOR 

yi/encme.WAL 

yi/^ruzme.WEL 

JtUnam€yfllS 


,  Translated  MODFLOW  file  eontaining  dau  for  the  BASIC  Package. 

Translated  MODFLOW  file  containing  data  for  the  Block-Centred 
Flow  Package. 

Translated  MODFLOW  file  containing  data  for  the  transient 
constant  head  package. 

Translated  MODFLOW  file  containing  data  for  the  Drain  Package. 

Translated  MODFLOW  file  containing  data  for  the 
Evapotranspiradon  Package. 

Translated  MODFLOW  file  containing  data  for  the  General  Head 
Boundary  Package. 

Translated  MODFLOW  file  containing  data  for  the  output  control 
opdons. 

Translated  MODFLOW  file  containing  data  for  the  PCG2  solver. 

Translated  MODFLOW  file  containing  dau  for  the  Recharge 
Package. 

Translated  MODFLOW  file  containing  dau  for  the  River  Package. 
Translated  MODFLOW  file  conuming  dau  for  the  SIP  solver. 
Translated  MODFLOW  file  containing  dau  for  the  SOR  solver. 

Translated  MODFLOW  file  containing  dau  for  the  Horizontal  Flow 
Boundary  Package. 

Translated  MODFLOW  file  conuining  data  for  the  Well  Package. 
Translated  MODET.OW  file  conuining  dau  for  the  WHS  Solver. 


Translated  MT3D  Files 


fiUniiine.AD3 

/ifemzme.BT3 

JlUnameJ)V3 

JlUnameJRC3 

JtUnameJSS3 

MT3DJN 


Translated  MT3D  file  containing  Advecdon  dau 

Translated  MT3D  file  conuining  Basic  Transport  dau 

Translated  MHD  file  containing  Dispersion  dau 

Translated  MT3D  file  conuining  Chemical  Reaction  dau 

Translated  MT3D  file  containing  Source  /  Sink  dau 

Translated  MT3D  file  containing  the  list  of  files  that  Visual 
MODFLOW  creates  for  use  in  MT3D 


APPENDIX  F 


REMEDIAL  ALTERNATIVE  COST  CALCULATIONS 


S:\ES\WP\PROJECTS\722450\ALTUS\6.DOC 


LTM  Well  Installation  Cost  Estimate 
Altus  AFB  OU-1 
722450.36050 


/Construct  3  LTM  Wells 


t  calculations 

Number  of  wells: 
Depth  (ft)  each: 


Subtotal 


Mobilization 
Well  Installation 
Soil  Disposal 


Billing 

Category 

Cost  Code/(Billing  Category) 


Install  New 
LTM/POC 
Wells-($) 


Subcon- 
Task  2  tracting 

(hrs)  (S) 


Task  3  Reporting 

(hrs)  &  PM  ($) 


ord  Processor 
CADD  Operator 
Technician 
Staff  Level 
Project  Level 
Senior  Level 
Principal 


otal  Labor  (hrs  | 


88/(15) 

58/(25) 

42/(50) 

16/(65) 

12/(70) 

10/(80) 

02/(85) 


$0 

$0 

$1,140 

$780 

$170 

$0 


$2,720 


$2,240 


$1,735 


Task  2 


Phone 

Photocopy 

Mail 

Computer 

ravel 
er  Diem 
Eqpt.  Sc  S 


otal  ODCs 


Outside  Services 


Task  2 


LTM/POC  Well  Installation  Costs 
urveying 

Other:  Maintain  Institutional  Controls 


otal  Outside  Services 


$6,300 


Proposal  Estimate 


Labor 

ODC’s 

Outside  Services 


$2,240 

$100 

$0 


$1,735 

$150 

$0 


$1,885 


otal  by  Task 


$9,400 


$2,340 


fotal  Labor 
Fotal  ODCs 
Fotal  Outside  Services 
Lptal  Project 


$6,695 

$630 

$6,300 

Tl3,625 


Task  1:  Install  New  LTM/POC  Wells 
Task  2:  Subcontracting/Permitting 
Task  3:  Reporting/PM  per  Event. 


Cost.xls\LTM  Wells 
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Remedial  Alternative  1  Cost  Estimate 
Altus  AFB  OU-1 
722450.36050 


ipital  Costs 

Design/Construct  3  LTM  Wells  in  1998 


P/F  i=7%  n=1 


Present  Worth  Cost  $12,734 


Monitoring  Costs  (1 1  groundwater  samples,  5  surface  water  samples,  9  QA/QC  samples) 
Labor 


Travel 


Field  Work 

60  hours  X 

$60  /hour 

$3,600 

Data  Management 

40  hours  X 

$60  /hour 

$2,400 

Data  Validation 

'  20  hours  X 

$60  /hour 

$1,200 

Word  Processing 

10  hours  X 

$25  /hour 

$250 

CADD 

15  hours  X 

-  $50  /hour 

$750 

Reproduction 

8  hours  X 

$20  /hour 

$160 

Staff  Level 

50  hours  X 

$60  /hour 

$3,000 

Proj.  Manager 

20  hours  X 

$80  /hour 

$1,600 

Editor 

5  hours  X 

$60  /hour 

$300 

Reporting/Project  Management  ODCs 
:al 

$400  lumpsum 

$400 

CAHs 

25 

$150  /each 

$3,750 

Methane/Ethene 

16 

$100  /each 

$1,600 

Field  Parameters 

16 

$20  /each 

$320 

JS 

$700  lump  sum 
$300  lumpsum 

$700 

$300 

Total  for  each  Sampling  Event 

$20,330 

Annual  Monitoring,  1998-2002  (5  events) 

P/A  i=7%,  n=5 


Biennial  Monitoring,  2003-2028  (13  events) 


PWF  =  4.100197436 

Annual  Monitoring  (5  yrs)  Present  Worth  Cost 


$83,357 


P/A  i=7%,  n=7 

2004 

$12,661 

P/A  i=7%,  n=9 

2006 

$11,058 

P/A  1=7%,  n=11 

2008 

$9,659 

P/Ai=7%,  n=13 

2010 

$8,436 

P/Ai=7%,  n=15 

2012 

$7,369 

P/A  i=7%,  n=17 

2014 

$6,436 

P/A  i=7%,  n=19 

2016 

$5,621 

P/A  i=7%,  n=21 

2018 

$4,910 

P/A  i=7%,  n=23 

2020 

$4,289 

P/Ai=7%,  n=25 

2022 

$3,746 

P/Ai=7%,  n=27 

2024 

$3,272 

P/A  1=7%,  n=29 

2026 

$2,858 

P/Ai=7%,  n=31 

2028 

$2,496 

Biennial  Monitoring  (25  yrs)  Present  Worth  Cost  $82,809 


Site  Management  (30  years) 

Annual  Cost  $6,000 

P/A  i=7%  n=30  PWF  = 


12.40904118 

Site  Management  Present  Worth  Cost 


$74,454 


TOTAL  PRESENT  WORTH  COST  OF  ALTERNATIVE  1  $253,354 


Cost.xlsVAitemative  1 
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Remedial  Alternative  2  Cost  Estimate 
Altus  AFB  OU-1 
722450.36050 


tern  Installation  Costs 


Installation  of  the  Vapor  Extraction  System 

Design/Procure  System 
Blower/Shed/Accessories 

150 

Asphalt  cutting/trenching 
Electrical  Subcontractor 

600 

Per  Diem 

20 

Travel  (1  round  trip) 

O&M  Manual  Preparation 
Emissions  Permitting 

40 

Installation/startup  Labor 

200 

Installation  of  Groundwater  Extraction  System 


Pumps  1 

System  Controls  1 

Per  Diem  in  Field  20 

Travel  (included  in  SVE  system)  0 

Electrical  Subcontractor  1 

Surface  Well  Completion  2 


hours  X 

$70  /hour 

$10,500 

$20,000  lumpsum 

$20,000 

ftx 

$10  ft 

$6,000 

$5,000  lumpsum 

$5,000 

days  X 

$100  /day 

$2,000 

$1,000  lump  sum 

$1,000 

hours  X 

$65  /hour 

$2,600 

$2,000  lumpsum 

$2,000 

hours  X 

$65  /hour 

$13,000 

VES  Installation  Subtotal 

$62,100 

$1,000 

each 

$1,000 

$4,500 

lump  sum 

$4,500 

days 

$100 

/day 

$2,000 

$0 

lump  sum 

$0 

$5,000 

lump  sum 

$5,000 

$2,000 

ea 

$4,000 

Design/Construct  GW  Treatment  System 


Labor— Design/Procure  250 

Labor-Construct  200 

Mechanical  Subcontractor  1 

Prefilter  1 

Air  Stripper  1 

Electrical  Controls  1 

PipingA/alves/supplies  1 

Per  Diem  20 

Travel  2 

Equipment  Rental  1 

Analytical  for  Startup  (8  VOCs)  8 

Prefabricated  Heated  Building  1 

O&M  Manual  Preparation  40 

Discharge  Permitting 


(assuming  installation  in  1998) 
Vapor  Extraction  System 
Groundwater  Extraction  System 
Groundwater  Treatment  System 


GES  Installation  Subtotal 

$16,500 

hours 

$70 

/hr 

$17,500 

hours 

$65 

/hr 

$13,000 

$12,000 

lump  sum 

$12,000 

$3,000 

lump  sum 

$3,000 

$10,000 

lump  sum 

$10,000 

$3,000 

lump  sum 

$3,000 

$2,500 

lump  sum 

$2,500 

days 

$100 

/day 

$2,000 

round  trip 

$1,000 

/trip 

$2,000 

$2,000 

lump  sum 

$2,000 

$150 

/ea 

$1,200 

$15,000 

lump  sum 

$15,000 

hours 

$65 

hr 

$2,600 

$2,000 

lump  sum 

$2,000 

GWTS  Installation  Subtotal 

$87,800 

$62,100 

P/A  i=7%,  n=1 

$58,037 

$16,500 

P/A  i=7%,  n=1 

$15,421 

$87,800 

P/A  i=7%,  n=1 

$82,056 

System  Installation  Present  Worth  Cost 


$155,514 


Cost.xlsVAlternative  2 
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Remedial  Alternative  2  Cost  Estimate 
Altus  AFB  OU-1 
722450.36050 


ration  and  Maintenance  Costs 

Labor 


Weekly  System  Checks  (4  hr  x  52  wk/yr  x  $60/hr) 

$12,480 

Monthly  Sampling  (12  hr  x  12  mo  x  $60/hr) 

$8,640 

Monthly  Reporting  (8  hr  x  12  mo  x  $60/hr) 

$5,760 

Maintenance  (8  hr  x  12  mo  x  $60/hr) 

$5,760 

Analytical 

VOCs  (air) 

(2/mo  X  12  mo  X  $250/ea) 

$6,000 

VOCs  (H20) 

(2/mox  12  mo  X  $150/ea) 

$3,600 

misc. 

(2/mo  X  12  mo  X  $100/ea) 

$2,400 

Sample  ship. 

(4/mo  X  12  mo  X  $30/ea)  (assume  2  labs) 

$1,440 

Supplies 

Filters 

(lump  sum) 

$1,000 

pumps 

(lump  sum) 

$600 

misc. 

(lump  sum) 

$1,000 

Travel  (52  trips  from  Omaha  per  year  @  $20/ea) 

$1,040 

Electricity 

$5,000 

Site  Management 

$6,000 

Annual  O&M  Cost 

$60,720 

Present  Worth  O  &  M  (3-year  operation  period) 
Annual  Cost  $60,720 

1998  n=1 

1999  n=2 

2000  n=3 


$56,748 

$53,035 

$49,566 


O&M  Present  Worth  Cost  $159,348 


Total  Present  Worth  LTM  Program  (from  Alternative  1)  $253,354 


TOTAL  PRESENT  WORTH  OF  ALTERNATIVE  2  $568,216 


Cost.xls\Alternative  2 


12/20/1999\2:18  PM 


APPENDIX  G 


RESPONSE  TO  COMMENTS 
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Parsons  Engineering  Science,  Inc.  •  A  Unit  of  Parsons  Infrastructure  &  Technology  Group  Inc. 

1700  Broadway,  Suite  900  •  Denver,  Colorado  80290  •  (303)831-8100  •  Fax:(303)831-8208  •  www.parsons.com 

29  October  1999 


Mr.  Jerry  Hansen 
AFCEE/ERT 

3207  North  Road,  Bldg  532 
Brooks  AFB,  TX  78235-5363 

Subject:  Responses  to  AFCEE  Comments  on  the  Draft  Remediation  by  Natural 
Attenuation  Treatability  Study  for  Operable  Unit  1,  Altus  AFB,  OK  (Contract 
F41624-92-D-8036) 

Dear  Mr.  Hansen: 

This  letter  provides  responses  to  comments  received  on  the  Draft  Remediation  by 
Natural  Attenuation  (RNA)  Treatability  Study  (TS)  for  Operable  Unit  1  (OUl),  Altus  Air 
Force  Base  (AFB),  Oklahoma.  The  draft  RNA  TS  was  prepared  by  Parsons  Engineering 
Science,  Inc.  (Parsons  ES)  for  the  Air  Force  Center  for  Environmental  Excellence 
Technology  Transfer  Division  (AFCEE/ERT)  and  Altus  AFB.  The  intent  of  the  RNA  TS 
was  to  determine  the  role  of  natural  attenuation  in  remediating  chlorinated  solvents  in 
groundwater  at  OUl.  The  draft  RNA  TS  was  submitted  to  AFCEE  and  Altus  AFB  in 
November  1997.  Comments  on  the  draft  RNA  TS  were  received  firom  AFCEE  as 
reviewed  by  Jon  Atkinson,  dated  February  9,  1998.  The  Base  has  declined  to  comment. 
Responses  to  these  comments  were  prepared  by  Parsons  ES  and  are  presented  herein. 


Responses  to  AFCEE  Comments:  February  9, 1998 

Comment  1)  Pages  11  and  12,  Sec  1.3,  Para  1,  Line  13:  Most  likely,  VOCs  were 
detected  at  levels  lower  than  2  pg/L,  not  2  mg/L. 

Parsons  ES  Response:  The  text  will  be  changed  to  indicate  that  VOCs  in  surface  water 

samples  were  detected  at  concentrations  less  than  2  pg/L. 


Comment  2)  Page  12  and  13,  Sec  1.3,  Para  1,  Line  13.  Here  and  throughout  the  report 
(e.g.,  p.  4-25),  suggest  rounding  all  analytical  results  to  two  significant 
figures  (e.g.,  110  ug/L)  to  better  reflect  accuracy/certainty  of  the 
measurements. 

Parsons  ES  Response:  The  accuracy  of  analytical  results  will  be  reported  to  no  more 

than  three  significant  figures  to  better  reflect  the 
accuracy/uncertainty  of  the  measurements. 
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Mr.  Jerry  Hansen 
29  October  1999 
Page  2 


Comment  3)  Pages  2-1  and  2-5,  Sec  2,  Para  3,  Sent  2:  Appendix  B,  not  A,  should  be 
referenced  here. 


Parsons  ES  Response:  The  reference  will  be  changed  to  Appendix  B. 


Comment  4)  Page  2-12, 'Sec  2. 1.3.3:  Suggest  annotating  the  outside  and  inside 
diameter  of  the  hollow  stem  augers. 

Parsons  ES  Response:  The  outside  (8.25-inches)  and  inside  (4.25-inches)  diameters  of 

the  hollow  stem  augers  will  be  annotated  in  Section  2. 1.3. 3. 2, 
Installation. 


Comment  5)  Pages  2-1 8  and  2-19,  Sec  2.6: 

a.  Sent  2:  Suggest  inserting  “Oklahoma  state”  in  front  of  “plane.” 

b.  Sent  3:  Although  the  text  states  that  horizontal  locations  were 
surveyed  to  the  nearest  0.1  foot,  northings  and  eastings  in 
Appendix  B,  Table  2.2  are  reported  to  the  nearest  0.01  foot. 
This  discrepancy  should  be  resolved. 

Parsons  ES  Response: 

a.  "Oklahoma  State  ”  will  be  inserted  in  front  of  "plane.  ” 

b.  The  text  will  be  changed  to  indicate  that  the  horizontal 
locations  were  surveyed  to  the  nearest  0. 01  foot. 


Comment  6)  Pages  3-1  and  3-3,  Sec  3.1.2:  Recommend  adding  a  brief  discussion  of  the 
method  and  equipment  used  to  measure  stream  flow.  Because  stream  flow 
was  evidently  measured  as  velocity  (L/T),  not  discharge  rate  (L3/T), 
suggest  in  sentences  four  and  five  changing  “flow”  to  “flow  velocity”  to 
enhance  clarity.  Suggest  adding  a  range  in  discharge  rate  for  Stinking 
Creek. 

Parsons  ES  Response:  A  brief  discussion  of  the  method  used  to  measure  stream  flow 

velocity  will  be  included  in  Section  3.1.2  and  "velocity"  will  be 
inserted  after  "flow".  The  average  flow  velocity  for  Stinking 
Creek  will  be  calculated  and  added  to  the  text.  Discharge  rates 
can  not  be  calculated  because  of  insufficient  field  data. 
Therefore,  discharge  rates  are  not  provided  in  the  text. 


S:\ES\REMED\BIOPLUME\ALTUS\UPDATE\RESPONSE.DOC 


Mr.  Jerry  Hansen 
29  October  1999 
Page  3 


Comment  7)  Page  3-5,  Sec  3.3,  Para  2.  the  stated  base-wide  horizontal  gradient  is 
notably  flat.  Based  on  Figure  3.3  and  Section  3.3.2.1  (p.  3-7),  the 
hydraulic  gradient  at  the  site  along  stinking  creek  is  0.003.  Recommend, 
therefore,  that  the  accuracy  of  the  annotated  base-wide  gradient  be 
verified. 

Parsons  ES  Response:  The  base-wide  hydraulic  gradient  was  checked  using  USGS  data 

collected  in  1993.  The  base-wide  hydraulic  gradient  should  be 
corrected  to  0.0033  foot/foot.  The  text  will  be  modified 
accordingly. 


Comment  8)  Page  3-10,  Sec  3.3.2.2,  Sent  2: 

a.  Because  these  measured  K  values  are  high  for  clay  and  shale 
lithologies,  K  values  were  calculated  using  the  slug  test 
analysis  graphs  for  wells  OU-1-01  and  WL061.  Hand 
calculations  yielded  K  values  ranging  from  4.8  to  8.2  ft/day 
and  from  8.6  to  10.  ft/day  for  OU-101  and  WL061, 
respectively.  Additionally,  test  data  obtained  electronically 
from  Parsons  for  well  OU-1-01  were  input  into  AQTESOLV, 
Version  1.10. 

Results  obtained  using  only  early  time  data  ranged  from  4.0  to 
6.9  ft/day.  Early  time  data  were  used  because  the  slug  tests 
were  essentially  aquifer  recovery  tests  and  early  time  data  are 
most  reliable  for  calculating  Ks  from  recovery  test  data. 

b.  The  high  end  of  the  range  in  average  K  values,  52  ft/day,  is  not 
confirmed  by  slug  test  analysis  results  contained  in  Appendix 
B,  the  average  K  value  for  well  WL061  is  43  ft/day,  not  52 
ft/day. 

c.  Suggest  reporting  K  values  to  two  significant  figures  to  attain 
consistency  in  the  number  of  significant  figures  used. 

Parsons  ES  Response: 

a.  Upon  reviewing  the  slug  testing  data,  Parsons  ES  selected 
curve  fits  that  were  representative  of  the  formation  response. 
Given  that  values  of  hydraulic  conductivity  (K)  range  over 
several  magnitudes  of  order,  the  estimated  K  values  are 
appropriate  given  the  accuracy  of  the  slug  test  method. 
Estimated  results  within  the  same  order  of  magnitude  are 
considered  reasonable. 
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Parsons  ES  agrees  that  the  calculated  K  values  appear  to  be 
high  compared  to  literature  values  for  clay  and  shale. 
However,  the  clay  and  shale  horizons  at  OU-1  are  highly 
weathered  and  are  expected  to  have  higher  K  values  (wells 
OU-1-01,  WL060,  and  WL061).  Monitoring  well  WL062  is 
screened  across  clayey  sand,  for  which  the  K  value  is  within 
the  range  of  reported  literature  values.  Parsons  ES  believes 
use  of  the  listed  K  values  (Table  3.3)  are  suitable  for 
conservative  model  input. 

More  importantly,  the  K  values  used  in  the  model  are 
representative  of  the  lower  range  of  estimated  values  from  the 
field  data  and  provide  a  reasonable  calibration  for  the 
transport  model.  Values  of  K  input  in  the  groundwater  flow 
model  ranged  from  0.1  ft/day  to  30  ft/day,  with  the  vast 
majority  of  cells  being  assigned  a  K  of  0.1  ft/day  to  1.0  ft/day. 
The  distribution  of  K  values  equal  to  30  ft/day  is  limited  to  a 
flow  path  along  Stinking  Creek.  Parsons  ES  believes  this  is 
appropriate  considering  that  fluvial  deposits  along  the  creek 
are  expected  to  have  a  higher  hydraulic  conductivity  than 
surrounding  weathered  clay  and  shale,  and  that  the  creek 
deposits  represent  a  potential  preferential  flowpath.  The 
distribution  of  K  values  used  in  the  model  will  be  shown  on  a 
printout  included  in  Appendix  D. 

b.  Table  3.3  will  be  corrected  to  indicate  the  hydraulic 
conductivity  for  well  WL061  is  43  ft/day. 

c.  K  values  will  be  reported  to  two  significant  figures  as 
suggested. 


Comment  9)  Page  3-12,  Table  3.3:  Assuming  the  current  K  values  are  erroneous, 
revised  values  for  K  and  groundwater  flow  velocity  will  need  to  be 
tabulated  here. 

Parsons  ES  Response:  K  values  are  considered  reasonable,  therefore,  K  values  and 

groundwater  flow  velocities  will  not  be  revised  (for  rationale,  see 
response  to  Comment  8a.). 


Comment  10)  Page  3-13,  Sec  3.3.2.4; 

a.  Assuming  the  current  K  values  are  excessively  high, 
groundwater  flow  velocities  will  need  to  be  revised  downward. 
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b.  Recommend  reporting  average  groundwater  velocities  to  two 
significant  figures  instead  of  four  or  five  to  better  reflect 
accuracy/certainty  of  the  measurements  and  to  be  consistent 
with  the  reporting  convention  for  K  values. 

Parsons  ES  Response: 

a.  K 'values  are  considered  appropriate,  therefore  groundwater 
flow  velocities  will  not  be  revised  (for  rationale,  see  response 
to  Comment  8a.). 

b.  K  values  will  be  reported  to  two  significant  figures  as 
recommended. 


Comment  1 1)  Page  4-2,  Sec  4.1.2,  Line  7:  “stinking  creek”  should  be  “Stinking  Creek.” 
Parsons  ES  Response:  The  text  will  be  changed  as  indicated. 


Comment  12)  Page  4-10,  Fig  4.2:  The  chemical  compound  designated  “DCE  Oxide”  is 
more  correctly  named’T-chloro-l-ethoxide.” 

Parsons  ES  Response:  The  text  will  be  changed  as  indicated. 


Comment  13)  Page  4-49,  Sec  4.6,  Table  4.7:  To  enhance  clarity,  suggest  expanding  the 
title  by  insert  “CAH  Degradation”  in  front  of  “Screening”. 

Parsons  ES  Response:  The  title  will  be  changed  as  indicated. 


Comment  14)  Page  5-1,  Sec  5.1,  Para  2,  Sent  2:  For  clarity,  suggest  inserting  “steady- 
state”  in  front  of  “groundwater  flow  model.” 

Parsons  ES  Response:  The  text  will  be  changed  as  indicated. 


Comment  15)  Page  5-8,  Sec  5.3.2.2:  Appendix  E  contains  MODFLOW  Recharge  files, 
in  spite  of  the  statement  here  that  recharge  was  not  defined  for  the 
modeling  effort.  This  apparent  discrepancy  should  be  resolved. 
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Parsons  ES  Response:  An  overall  rate  of  recharge  was  not  specified  for  calibration  of 

the  flow  model.  However,  recharge  was  specified  in  four  model 
cells  near  the  western  boundary  of  LF-04  to  simulate  partitioning 
of  CAHs  to  groundwater  (Section  5. 3. 3.1).  The  specified  rate  of 
recharge  for  these  four  cells  was  low  (0.065  inches  per  year),  so 
there  was  minimal  effect  on  the  flow  calibration. 

The' text  in  Section  5. 3.2.2  will  be  changed  to  "Therefore,  no 
recharge  or  evapotranspiration  was  defined  for  the  site,  except 
for  low  rates  of  recharge  at  four  cells  located  near  the  western 
boundary  of  LF-04  to  help  simulate  partitioning  of  CAHs  to 
groundwater  (Section  5. 3. 3.1). 


Comment  16)  Page  5-8,  ec  5.3.3,  Line  6:  “migrograms”  should  be  “micrograms.” 
Parsons  ES  Response:  The  text  will  be  changed  as  indicated. 


.Comment  17)  Page  5-12,  Sec  5.4: 

a.  Suggest  the  text  briefly  explain  why  two  sets  of  MODFLOW 
and  MT3D  input  files  are  included  in  Appendix  E. 

b.  Additionally,  recommend  explaining  why  the  flow  rate  for  the 
single  well  in  MODFLOW  file  DPE.WEL  is  set  to  zero. 

c.  How  was  dual-phase  extraction  simulated  in  MODFLOW  and 
MT3D? 

Parsons  ES  Response: 

a.  The  two  sets  of  input  and  output  files  in  Appendix  E  are  for 
Alternative  1  and  Alternative  2.  Note  that  both  alternatives  are 
identical  up  to  1997  (model  year  41),  the  date  for  model 
calibration,  and  only  differ  after  that  date.  To  avoid  confusion, 
model  input  and  output  files  for  the  calibration  model  will  be 
added  to  Appendix  E.  The  text  will  be  expanded  to  indicate 
that  MODFLOW  and  MT3D  input  files  for  the  calibrated 
model,  Alternative  1,  and  Alternative  2  are  included  in 
Appendix  E. 

b.  The  single  well  in  MODFLOW  file  DPE.WEL  was  used  to 
simulate  groundwater  extraction  of  a  dual-phase  extraction 
(DPE)  system.  The  flow  rate  for  the  well  is  set  to  0  gallons  per 
minute  (gal/min)  for  model  year  41  to  42,  3  gal/min  for  model 
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year  42  to  43  (the  simulated  extraction  period),  and  then  set  to 
0  gal/min  for  the  remainder  of  the  model  simulation.  The  text 
will  be  expanded  to  indicate  how  the  DPE  system  was 
simulated  as  indicated  in  the  following  response. 

c.  DPE  was  simulated  by  two  modifications  to  the  calibrated 
model.  First,  groundwater  extraction  and  the  resulting  change 
in  'groundwater  flow  was  simulated  by  a  single  extraction  well. 
This  well  pumped  3  gal/min  for  a  one  year  period  for  model 
year  42  (1998).  The  pumping  rate  based  on  a  sustainable 
rate  derived  from  DPE  pilot  test  results  (Radian,  1996). 
Secondly,  immediately  following  the  1-year  pumping  period, 
the  contaminant  source  terms  were  reduced  by  90  percent  to 
simulate  the  DPE  source  reduction  (as  described  in  Section 
6.4.2. 1).  The  remaining  source  mass  was  then  degraded  at  2 
percent  per  year  as  in  Alternative  1.  This  description  of 
simulating  the  DPE  system  will  be  added  to  Section  6.4.2. 1. 

Comment  18)  Pages  5-12  and  5-14,  Sec  5.4.1,  Para  3:  Given  the  measured  K  values 
most  likely  are  about  three  to  four  times  higher  than  actual  K  values  and 
that  that  clayey  sand  probably  does  not  possess  Ks  approaching  30  ft/day, 
suggest  reducing  maximum  modeled  K  values  to  about  15  ft/day.  This 
reduction  would  require  recalibration  of  the  MODFLOW  and  MT3D 
models. 

Parsons  ES  Response:  The  K  values  used  in  the  model  are  representative  of  the 

estimated  K  values  from  the  field  data  and  provide  a  reasonable 
calibration  for  the  transport  model.  Therefore,  the  maximum  K 
value  used  in  the  model  will  not  be  reduced. 


Comment  19)  Page  5-14,  Sec  5.4.1,  Para  3,  Sent  2;  Based  on  the  MODFLOW  input  files 
provided  in  Appendix  E,  the  MODFLOW-calculated  hydrologic  balance 
error  is  1.37  percent,  not  zero  as  stated  here.  Suggest  this  1.37  percent 
error  be  annotated  here. 

Parsons  ES  Response:  The  text  will  be  changed  as  indicated. 


Comment  20)  Page  5-13,  Fig  5.2:  Recommend  plotting  residual  (observed-calculated) 
head  values  for  the  22  calibration  wells.  To  reduce  clutter,  suggest 
deleting  all  other  well  and  surface-water  monitoring  locations. 
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Parsons  ES  Response:  Residual  head  values  will  be  listed  and  plotted  for  the  22 

calibration  wells  and  included  in  Appendix  D.  Other  monitoring 
locations  will  be  removed  from  Figure  5.2. 


Comment  21)  Page  5-16,  Fig  5.3:  in  the  legend,  should  the  concentration  unit  of 
measurement  for  CAHs  be  umol/L  instead  of  ug/L? 

Parsons  ES  Response:  The  CAH  concentration  should  be  shown  in  umol/L.  Figure  5.3 

will  be  changed  accordingly. 


Comment  22)  Page  6-6,  Sec  6.2.3. 1,  Para  1: 

a.  Sent  5:  These  K  values  should  be  reduced  based  on  reanalysis 
of  the  slug- test  data. 

b.  Sent  6:  Assuming  reanalysis  of  slug-test  data  results  in  much 
lower  K  values,  this  sentence  can  be  deleted. 

Parsons  ES  Response: 

a.  K  values  are  considered  appropriate  (for  rationale,  see 
response  to  Comment  8a.). 

c.  The  sentence  will  not  be  deleted. 


Comment  23)  Page  6-19,  Sec  6.4.1. 1,  Para  3,  Sent  1:  The  use  of  “geometric  rate”  infers  a 
geometric  progression.  Reducing  source  strength  by  2  percent  yearly  is  no 
where  near  a  decrease  characterized  by  a  geometric  progression. 
Consequently,  suggest  deleting  “geometric.” 

Parsons  ES  Response:  The  text  will  be  changed  as  suggested. 


Comment  24)  Pages  7-4  and  7-5,  Table  7.1:  Suggest  adding  alkalinity  because  BTEX 
occurs  in  the  contaminant  plume  and  alkalinity  is  an  analyte  in  Table  2.1 
of  Technical  Protocol  for  Implementing  Intrinsic  Remediation  with  Long- 
Term  Monitoring  for  Natural  Attenuation  of  Fuel  Dissolved  in 
Groundwater.  To  more  fully  measure  the  impact  of  biodegradation 
processes  on  geochemistry  of  site  groundwater,  suggest  that  major  cations 
also  be  added  to  the  list  of  analytes. 
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Parsons  ES  Resvonse:  Table  7.1  will  be  amended  to  include  alkalinity.  While  analysis 

of  major  cations  may  be  useful  to  note  changes  in  general 
groundwater  chemistry,  they  are  not  necessary  to  document 
biodegradation.  To  adhere  to  the  objectives  of  the  LTM  plan  and 
to  minimize  cost,  Parsons  ES  does  not  recommend  adding  the 
major  cations  to  Table  7.1. 


Comment  25)  Page  9-1,  Sec  9:  The  1993  AFCEE  Handbook  has  been  reformatted  and 
renamed  the  Model  Field  Sampling  Plan.  Version  1.1  (March  1997) 
should  be  referenced. 

Parsons  ES  Response:  The  reference  will  be  changed  as  indicated. 


Comment  26)  Appendix  A-4:  Recommend  that  slug-test  data  logger  output  (elapsed  time 
vs.  water  level)  be  added  in  electronic  format  to  Appendix  B.  This  will 
provide  supporting  information  for  the  time-drawdown  graphs  and  allow 
independent  evaluation  of  the  pumping  test  data. 

Parsons  ES  Resvonse:  The  slug  test  data  logger  output  will  be  provided  in  electronic 

format  with  model  input  and  output  files  in  Appendix  E. 


If  you  have  any  questions,  have  additional  comments,  or  require  additional 
information,  please  call  me  at  (303)  831-8100. 


Sincerely, 

PARSONS  ENGINEERING  SCIENCE,  INC. 


VV\ 


V\v 


Bruce  M.  Henry,  P.G. 
Project  Manager 


cc:  File  722450.16000 
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1.0  INTRODUCTION 


This  document  was  prepared  for  the  Air  Force  Center  for  Environmental  Excellence 
(AFCEE)  by  Parsons  Engineering  Science,  Inc.  (Parsons  ES)  as  an  addendum  to  the 
Treatability  Study  (TS)  in  Support  of  Remediation  by  Natural  Attenuation  (RNA)  for 
Operable  Unit  1  (OUl),  Altus  Air  Force  Base  (AFB),  Oklahoma,  (Parsons  ES,  1999).  The 
TS  was  completed  to  evaluate  the  use  of  intrinsic  remediation  (natural  attenuation)  with  long¬ 
term  monitoring  (LTM)  for  remediation  of  groundwater  contaminated  with  chlorinated 
aliphatic  hydrocarbons  (CAHs,  or  chlorinated  solvents). 

1.1  Scope  and  Objectives 

This  addendum  documents  the  effectiveness  of  natural  attenuation  at  OU-1  by 
summarizing  results  of  a  groundwater  sampling  event  conducted  by  researchers  from  the 
United  States  Environmental  Protection  Agency  (USEPA)  National  Risk  Management 
Research  Laboratory  (NRMRL)  Subsurface  Protection  and  Remediation  Division  in  April 
1999.  Groundwater  was  initially  sampled  in  April  1997  for  the  TS.  The  focus  of  this 
addendum  is  to  evaluate  changes  in  concentrations  of  CAHs,  CAH  plume  extent,  and  natural 
attenuation  mechanisms  through  time.  Concentrations  of  fuel  hydrocarbons  including 
dissolved  benzene,  toluene,  ethylbenzene,  and  xylenes  (BTEX),  also  are  evaluated.  Results, 
calculations,  and  predictions  presented  in  the  TS  are  used  as  the  basis  for  comparison. 
Analytical  data  for  the  April  1999  sampling  event  are  presented  in  Attachment  A. 

1.2  Site  Background 

Altus  AFB  occupies  an  area  of  over  2,500  acres  in  eastern  Jackson  County,  Oklahoma.  It 
is  bordered  by  the  city  of  Altus  on  the  west.  Highway  62  on  the  south,  and  agricultural  land 
on  the  north  and  east.  In  1 942,  Altus  AFB  became  operational  as  an  Air  Force  flight-training 
base,  and  was  later  turned  over  for  use  as  a  municipal  airport  after  completion  of  the 
European  phase  of  World  War  II  (United  States  Geological  Survey  [USGS],  1996).  Altus 
AFB  was  reactivated  under  the  Tactical  Air  Command  (TAC)  in  January  1953.  Since  then, 
Altus  AFB  has  been  transferred  between: 

The  Strategic  Air  Command  (SAC)  (1953-1961), 

The  577*'^  Strategic  Missile  Squadron  (1961-1965), 

The  Military  Aircraft  Command  (MAC)  (1968-1992), 

The  Air  Mobility  Command  (AMC)  (1992-1993),  and 

The  Air  Education  Training  Command  (AETC)  (1993). 

Throughout  this  time,  the  Base  generated  waste  material  including  garbage,  wood,  metal, 
paper,  shop  waste,  construction  debris,  concrete,  brush,  and  drums  of  paint  waste.  Landfill 
Number  4  (LF-04)  received  waste  material  from  1956  to  1983.  From  1956  to  1965,  the 
waste  was  commonly  buried  in  trenches  with  an  east-west  orientation  and  depths  ranging 
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from  6  to  8  feet  below  land  surface  (bis).  After  1965,  the  waste  was  buried  6  feet  bis  in 
trenches  with  a  north-south  orientation.  Petroleum,  oil,  and  lubricant  (POL)  sludge  waste 
was  buried  3  feet  bis  at  the  northern  and  northwestern  edges  of  LF-04. 

LF-04  is  only  one  portion  of  OU-1.  Other  investigated  sites  within  OU-1  include  Fire 
Training  Area  3  (FT-03),  Fire  Training  Area  4  (FT-07),  and  the  Skeet  and  Trap  Range.  Since 
these  sites  are  located  upgradient  from  LF-04,  groundwater  contamination  potentially 
migrating  toward  LF-04  also  was  evaluated.  The  source  of  contamination  at  OU-1  is  most 
likely  associated  with  waste  disposal  activities  at  LF-04  and  related  activities  at  the  other 
sites  within  OU-1.  To  date,  no  engineered  remediation  has  been  implemented  at  the  site. 
Natural  attenuation  is  the  only  process  acting  to  reduce  dissolved  CAli  concentrations  and 
mass.  Additional  site  information,  including  site  background,  geology,  and  hydrogeology,  is 
available  in  the  TS  (Parsons  ES,  1999). 

2.0  MONITORING  RESULTS 

In  April  1999  researchers  from  the  USEPA  NRMRL  measured  groundwater  levels  at  29 
monitoring  well/points,  and  collected  26  groundwater  samples  and  2  surface  water  samples. 
Monitoring  wells/points  OU-1-TW4,  OU-1-TW6,  OU-1-TW7,  OU-1-TW9,  OU-1-TW13, 
WL060,  and  SB15WS;  and  surface  water  sampling  locations  RV003,  RV004,  and  RV005; 
were  not  sampled  in  April  1999.  Samples  were  analyzed  in  the  field  for  temperature,  pH, 
conductivity,  dissolved  oxygen  (DO),  oxidation-reduction  potential  (ORP),  alkalinity, 
hydrogen  sulfide,  and  ferrous  iron.  Additional  sample  volumes  were  analyzed  at  the  USEPA 
NRMRL  in  Ada,  Oklahoma,  for  BTEX,  trimethylbenzenes  (TMBs),  methyl  tertiary-butyl 
ether  (MTBE),  CAHs,  chlorobenzene,  sulfate,  chloride,  nitrate-i-nitrite  as  nitrogen  (N), 
ammonia  (NH3),  methane,  ethene,  ethane,  and  total  organic  carbon  (TOC).  Analytical 
methods  for  April  1999  are  summarized  in  Table  1,  while  field  and  laboratory  analytical 
results  are  included  in  Attachment  A. 

2.1  Groundwater  Flow  Direction  and  Gradient 

Groundwater  elevation  data  are  summarized  in  Table  2,  and  Figure  1  presents  contoured 
groundwater  elevation  data  for  April  1997  and  April  1999.  In  April  1999,  the  depth  to 
groundwater  in  the  immediate  vicinity  of  LF-04  ranged  from  8  to  12  feet  bis.  Groundwater 
levels  in  the  vicinity  of  LF-04  in  April  1999  were  approximately  3  to  4  feet  lower  than  in 
April  1997.  The  inferred  flow  direction  was  toward  the  east  and  southeast,  with  a  possible 
convergent  divide  along  Stinking  Creek  suggesting  either  discharge  to  the  creek  or  a 
preferential  groundwater  flow  pathway  along  the  creek  channel.  The  flow  of  groundwater 
toward  Stinking  Creek  may  be  attributed  to  recharge  from  precipitation,  which  then 
discharges  to  the  creek.  It  is  also  possible  that  groundwater  flows  parallel  to  the  creek,  or 
with  the  creek  acting  as  a  divergent  divide,  during  more  arid  seasons.  The  horizontal 
hydraulic  gradient  was  approximately  0.003  foot  per  foot  (ft/ft)  along  the  primary 
contaminant  plume  axis  in  1999.  The  groundwater  elevations,  horizontal  hydraulic  gradient, 
and  flow  direction  are  similar  to  those  observed  in  April  1997. 

Using  hydraulic  conductivity  of  8  to  52  feet  per  day  (ft/day),  a  lateral  hydraulic  gradient 
of  0.003  ft/ft,  and  an  estimated  effective  porosity  of  0.05  for  clay  and  0.03  for  shale,  the 
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TABLE  1 

SUMMARY  OF  GROUNDWATER  ANALYTICAL  METHODS 

APRIL  1999 
OUl 

RNA  TS  ADDENDUM 
ALTUS  AFB,  OKLAHOMA 


Analyte 

Method 

Field  (F)  or 
Fixed-Base 
Laboratory  (L) 

Oxidation-Reduction  Potential 

Direct  Reading  Meter 

F 

Dissolved  Oxygen 

Direct  Reading  Meter 

F 

Conductivity 

Direct  Reading  Meter 

F 

Temperature 

Direct  Reading  Meter 

F 

pH 

Direct  Reading  Meter 

F 

Ferrous  Iron  (Fe^^) 

Colorimetric,  Hach  Method  8146  or  equivalent 

F 

Hydrogen  Sulfide 

Colorimetric,  Hach  Method  8131  or  equivalent 

F 

Alkalinity  (Carbonate  [C03^’] 

Titrimetric,  Hach  Method  8221  or  equivalent 

F 

and  Bicarbonate  [HCO3’]) 

Nitrate  +  Nitrite 

Lachat  FIA  Method  10- 107-04-2- A 

L 

Ammonia 

Lachat  FIA  Method  10-107-06-1 

L 

Chlorides 

Waters  Capillary  Electrophoresis  Method  N-601 

L 

Sulfate 

Waters  Capillary  Electrophoresis  Method  N-601 

L 

Methane,  Ethane  and  Ethene 

RSKSOP-175“'and  RSKSOP-194 

L 

Total  Organic  Carbon 

RSKSOP- 102 

L 

BTEX,  TMBs,  and  MTBE*^ 

RSKSOP-122 

L 

CAHs*^  and  Chlorobenzenes 

RSKSOP-148 

L 

RSKSOP  =  Robert  S.  Kerr  Laboratory  (now  known  as  NRMRL)  standard  operating  procedure. 
BTEX  =  benzene,  toluene,  ethylbenzene  and  xylenes;  TMBs  =  trimethylbenzenes; 

MTBE  =  methyl  tertiary-butyl  ether. 

CAHs  =  chlorinated  aliphatic  hydrocarbons. 
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TABLE  2 

SUMMARY  OF  GROUNDWATER  ELEVATIONS 
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TABLE  2  (Concluded) 

SUMMARY  OF  GROUNDWATER  ELEVATIONS 


I 
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advective  groundwater  flow  velocity  in  the  overburden  clay  was  calculated  to  be  0.5  to  1 .0 
ft/day  (180  to  360  feet  per  year  [ft/yr])  in  1997  (Parsons  ES,  1999).  The  advective 
groundwater  flow  velocity  in  the  weathered  shale  is  calculated  to  be  2.0  to  5.2  ft/day  (730  to 
1,900  ft/yr). 

Vertical  hydraulic  gradients  for  April  1999  could  only  be  estimated  from  three  of  the  six 
well  clusters  used  for  previous  calculations,  as  shown  in  Table  3.  Gradients  for  well  clusters 
SBIOWS/D,  SB15WS/D,  and  SB16WS/D  could  not  be  estimated  in  April  1999  because  one 
(or  both)  of  the  well  pairs  was  either  not  measured  or  was  dry.  The  downward  vertical 
gradient  measured  for  well  pair  WL062/WL061  in  April  1999  (-0.023  ft/t)  was  higher  than 
that  measured  in  April  1999  (-0.008).  Well  clusters  SBllWS/D  and  OU-1-TW2/OU-1-06 
exhibited  downward  gradients  in  April  1997,  but  displayed  slight  upward  gradients  in  April 
1999. 

2.2  Dissolved  BTEX  Contamination 

Results  of  dissolved  fuel  hydrocarbon  compounds  and  MTBE  in  groundwater  for  April 
1997  and  1999  at  OU-1  are  summarized  in  Table  4.  Detection  of  fuel  hydrocarbons  in  1997 
and  1999  include  BTEX,  1,3,5-TMB,  1,2,4-TMB,  and  1,2,3-TMB.  MTBE  was  not  detected 
in  any  groundwater  sample  collected  in  April  1999.  Total  fuel  carbon  was  detected  in  6  of  34 
groundwater  samples  collected  in  April  1997  at  concentrations  ranging  from  2.2  to  883 
micrograms  per  liter  (pg/L),  but  was  not  analyzed  for  in  April  1999.  Concentration  isopleth 
maps  for  total  BTEX  in  groundwater  for  April  1997  and  April  1999  are  presented  on  Figure 


Temporal  and  spatial  changes  in  dissolved  BTEX  indicate  that  concentrations  in  the 
source  area  are  decreasing.  This  is  demonstrated  by  a  decrease  in  total  dissolved  BTEX 
concentrations  at  wells  OU-1-06,  OU-l-TWl,  and  OU-1-TW2  from  April  1997  to  April 
1999.  BTEX  concentrations  decreased  from  4.5  pg/L  at  OU-1-06,  24.4  pg/L  at  OU-l-TWl, 
and  43.0  pg/L  at  OU-1-TW2  in  April  1997,  to  below  detection  at  each  location  in  April 
1999.  These  wells  are  immediately  downgradient  from  the  source  area.  In  addition,  a 
comparison  of  the  extent  of  the  April  1999  BTEX  plume  to  the  extent  of  the  April  1997 
BTEX  plume  shown  on  Figure  2  shows  a  significant  reduction. 

Because  of  the  limited  occurrence  and  low  concentrations  of  fuel  hydrocarbons  detected  at 
the  site  in  April  1999,  natural  attenuation  of  BTEX  compounds  is  not  analyzed  further. 
However  the  presence  of  low  levels  of  anthropogenic  carbon  (fuel  hydrocarbons)  within  the 
general  source  area  may  impact  biodegradation  of  CAHs  (Section  3.0). 

2.3  Dissolved  Chlorinated  Solvent  Contamination 

Concentrations  of  CAHs  detected  in  groundwater  samples  collected  since  July  1989  are 
summarized  in  Table  5.  Trichloroethene  (TCE);  dichloroethene  (DCE)  isomers  1,1 -DCE, 
cis-l,2-DCE,  and  trans-l,2-DCE;  and  chloroform  were  detected  in  groundwater  samples 
collected  over  the  five  sampling  events.  Distributions  of  TCE  and  cis-l,2-DCE  are  shown  on 
Figures  3  and  4,  respectively. 
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TABLE  3 

VERTICAL  GRADIENT  CALCULATIONS 
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TABLE  4 

FUEL  HYDROCARBONS  AND  MTBE*^  DETECTED  IN 
GROUNDWATER  AND  SURFACE  WATER 
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TABLE  4  (Continued) 

FUEL  HYDROCARBONS  AND  MTBE*^  DETECTED  IN 
GROUNDWATER  AND  SURFACE  WATER 
OU-1 
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TABLE  5 

CHLORINATED  ORGANIC  COMPOUNDS  DETECTED  IN 
GROUNDWATER  AND  SURFACE  WATER 
OUl 

RNA  TS  ADDENDUM 
ALTUS  AFB,  OKLAHOMA 


Sample 

TCE 

cis-I,2-DCE 

trans~l,2’DCE 

1,1 -DCE 

1,2-DCB 

Chloroform 

Location 

Date 

(pg/Lf 

(Pg/L) 

(pg/L) 

.  .(pg/L) 

(pg/L) 

(pg/L) 

OU-1-01 

Apr-99 

2,680 

265 

6.1 

<1^' 

<1 

<1 

Apr-97 

8,910 

1,340 

33.3 

4.3 

ND'^ 

<1 

Sep-96 

11,900 

1,680 

51.0 

6.18 

NA 

1.45 

OU-1-02 

Apr-99 

6,110 

590 

12.0 

1.9 

<1 

1.0 

Apr-97 

11,400 

1,130 

19.2 

3.8 

ND 

1.1 

OU-I-03 

Apr-99 

4,200 

378 

6.3 

1.2 

<1 

<1 

Apr-97 

12,700 

1,080 

16.3 

3.5 

ND 

1.9 

OU-1-04 

Apr-99 

719 

98.2 

19.3 

<1 

<1 

<1 

Apr-97 

1,670 

756 

148 

1,9 

ND 

ND 

OU-1-05 

46.2 

<1 

<1 

ND 

<1 

63.2 

1.1 

<1 

ND 

ND 

OU-1-06 

Apr-99 

187 

16.2 

2.8 

<1 

ND 

ND 

Apr-97 

360 

37.9 

8.1 

<1 

ND 

<1 

OU-l-TWl 

Apr-99 

48.3 

247 

66.0 

1.7 

<1 

ND 

Apr-97 

690 

118 

22.9 

1.8 

ND 

ND 

OU-1-TW2 

Apr-99 

716 

61.9 

14.3 

1.1 

ND 

<1 

Apr-97 

736 

54.1 

16.4 

1.1 

ND 

ND 

OU-1-TW3 

Apr-99 

61.0 

17.3 

13.4 

<1 

<1 

ND 

Apr-97 

347 

28.7 

20.0 

2.1 

ND 

ND 

OU-1-TW4 

Apr-97 

51.1 

2.0 

1.4 

ND 

ND 

ND 

OU1-TW5 

Apr-99 

<1 

ND 

ND 

ND 

ND 

ND 

Apr-97 

<1 

<1 

ND 

ND 

ND 

ND 

OU-1-TW6 

Apr-97 

ND 

ND 

ND 

ND 

<1 

ND 

OU-1-TW7 

Apr-97 

ND 

ND 

ND 

ND 

ND 

<1 

OU’l-TW8 

Apr-99 

290 

1.7 

<1 

<1 

<1 

ND 

Apr-97 

483 

2.1 

<1 

<1 

ND 

<1 

OU-1-TW9 

Apr-97 

<1 

ND 

ND 

ND 

ND 

ND 

OU-l-TWlO 

Apr-99 

ND 

ND 

ND 

ND 

ND 

ND 

Apr-97 

ND 

ND 

ND 

ND 

ND 

ND 

OU-1-TW13 

Apr-97 

ND 

ND 

ND 

ND 

<1 

ND 

OU-1-TW14 

Apr-99 

<1 

ND 

ND 

ND 

ND 

ND 

Apr-97 

<1 

ND 

ND 

ND 

ND 

ND 

OU-1-TW15 

Apr-99 

5.5 

ND 

ND 

ND 

ND 

ND 

Apr-97 

13.6 

<1 

ND 

ND 

ND 

ND 

OOOIU-MWl 

Apr-99 

36.5 

<1 

ND 

ND 

<1 

ND 

Apr-97 

ND 

ND 

ND 

ND 

ND 

ND 

22/733939/2 l.xls  Tables 
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TABLE  5  (Continued) 

CHLORINATED  ORGANIC  COMPOUNDS  DETECTED  IN 
GROUNDWATER  AND  SURFACE  WATER 


OUl 

RNA  TS  ADDENDUM 
ALTUS  AFB,  OKLAHOMA 


Sample 

TCE 

m-7,2-DCE 

trans-1,2  -DCE 

1,1 -DCE 

1,2-DCB 

Chloroform 

Location 

Date 

(Hg/L)'' 

(Hg/L) 

(gg/L) 

(gg/L) 

(gg/L) 

(gg/L) 

WL018 

Apr-99 

2.4 

<1 

ND 

ND 

<1 

ND 

Apr-97 

1.3 

<1 

ND 

ND 

<1 

ND 

Sep-93 

24 

ND 

ND 

ND 

NA 

ND 

Feb-91 

3.2 

ND 

ND 

ND 

NA 

ND 

Jul-89 

11 

ND 

ND 

ND 

NA 

ND 

WL019 

Apr-99 

974 

14.3 

<1 

<1 

<1 

1.3 

Apr-97 

224 

207 

27.4 

1.0 

<1 

ND 

Sep-93 

930 

ND 

ND 

ND 

NA 

ND 

Feb-91 

15 

ND 

ND 

ND 

NA 

ND 

Jul-89 

430 

ND 

ND 

ND 

NA 

ND 

WL020 

Apr-99 

<1 

ND 

ND 

ND 

<1 

ND 

Apr-97 

<1 

ND 

ND 

ND 

ND 

ND 

Feb-91 

3.9 

ND 

ND 

ND 

NA 

ND 

Jul-89 

1.9 

ND 

ND 

ND 

NA 

ND 

WL021 

Apr-99 

831 

76.7 

4.9 

<1 

<1 

ND 

Apr-97 

41.8 

15.7 

3.4 

<1 

ND 

ND 

Sep-93 

14 

ND 

ND 

ND 

NA 

ND 

Feb-91 

1.5 

ND 

11 

ND 

NA 

ND 

Jul-89 

25 

ND 

5.8 

ND 

NA 

ND 

WL022 

Apr-99 

1.4 

2.0 

ND 

ND 

<1 

ND 

Apr-97 

36.2 

31.7 

4.3 

<1 

ND 

ND 

Sep-93 

42 

ND 

ND 

ND 

NA 

ND 

Feb-91 

4.9 

ND 

0.80 

ND 

NA 

ND 

Jul-89 

0.72 

ND 

ND 

ND 

NA 

ND 

WL060 

Apr-97 

ND 

ND 

ND 

ND 

ND 

ND 

WL061 

Apr-99 

ND 

ND 

ND 

ND 

<1 

ND 

Apr-97 

ND 

ND 

ND 

ND 

ND 

ND 

WL062 

Apr-99 

2.8 

ND 

ND 

ND 

<1 

ND 

Apr-97 

3.2 

ND 

ND 

ND 

ND 

ND 

Nov-93 

ND 

ND 

ND 

ND 

NA 

ND 

SBllWS 

Apr-99 

228 

28.9 

5.8 

ND 

<1 

<1 

SBllWD 

Apr-99 

197 

146 

263 

1.1 

<1 

ND 

Apr-97 

457 

31.8 

6.8 

<1 

1.1 

<1 

SB15WS 

Apr-97 

3,520 

444 

23.7 

1.9 

ND 

<1 

SB15WD 

Apr-99 

629 

60.0 

6.3 

<1 

ND 

<1 

SB16WD 

Apr-99 

107 

51.5 

103 

<1 

ND 

ND 

22/733939/2 l.xls  Table  5 
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TABLE  5  (Concluded) 

CHLORINATED  ORGANIC  COMPOUNDS  DETECTED  IN 
GROUNDWATER  AND  SURFACE  WATER 
OUl 

RNA  TS  ADDENDUM 
ALTUS  AFB,  OKLAHOMA 


Sample 

Location 


RVOOl 


(4g/Lr 


d5-A2-DCE  trans-},2-DCE  1,1.DCE  1,2-DCB  Chloroform 

(4g/L) _ (Mg/L)  (^g/L)  (4g/L)  (^g/L) 


|ig/L  =  micrograms  per  liter. 


<  1  =  Compound  detected  below  limit  of  quantitation. 
ND  =  Compound  not  detected. 

NA  =  Compound  not  analyzed  for. 


Note:  TCE  -  Trichloroethene;  DCE  =  Dichloroethene;  DCB  =  Dichlorobenzene. 
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FIGURE  5 

CONCENTRATION  VERSUS  TIME  FOR  TCE 
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Concentrations  of  TCE  in  13  of  the  26  groundwater  monitoring  locations  sampled  in  April 
1999  have  decreased  since  April  1997,  while  concentrations  of  TCE  in  5  locations  have 
increased.  TCE  remained  below  detection  in  another  five  locations,  while  three  locations  had 
not  been  sampled  previously.  TCE  concentrations  measured  at  surface  water  sampling 
locations  RVOOl  and  RV002  remained  below  laboratory  detection  limits  in  1999. 

Changes  in  TCE  concentration  over  time  for  selected  monitoring  locations  are  shown  on 
Figure  5.  Monitoring  locations  that  showed  a  significant  increase  in  TCE  concentrations 
from  April  1997  to  April  1999  include  OU-1-05  (non-detect  to  495  pg/L),  WL019  (224  pg/L 
to  974  pg/L),  WL021  (41.8  pg/L  to  831  pg/L),  and  OOOIU-MWl  (non-detect  to  36.5  pg/L). 
Locations  OU-1-05,  WL-019,  and  WL021  are  located  in  the  general  source  area.  Well  OUl- 
05  is  screened  in  a  deeper  groundwater  interval  indicating  a  downward  vertical  migration  of 
the  TCE  plume  at  this  location.  Increases  at  shallow  monitoring  locations  WL019  and 
WL021  is  offset  by  significant  decreases  in  TCE  concentrations  at  adjacent  shallow 
monitoring  locations  OU-1-01  (8,910  pg/L  to  2,680  pg/L,  Figure  6),  OU-1-02  (11,400  pg/L 
to  6,110  pg/L),  OU-1-03  (12,700  pg/L  to  4,200  pg/L),  and  OU-1-04  (1,670  pg/L  to  719 

pg/L)- 

Downgradient  from  the  source  area,  TCE  concentrations  decreased  at  all  locations 
sampled  in  April  1997  and  April  1999,  with  the  exception  of  monitoring  location  OOOIU- 
MWl.  TCE  increased  from  non-detect  to  36.5  pg/L  at  OOOIU-MWl,  screened  in  a  deeper 
groundwater  interval.  Conversely,  TCE  decreased  (347  pg/L  to  61.0  pg/L)  in  the  shallow 
well  (OU-1-TW3)  paired  with  OOOIU-MWl.  This  suggests  a  downward  vertical  migration  of 
the  TCE  plume  at  this  location.  However,  concentrations  in  other  wells  screened  in  deeper 
groundwater  intervals  in  the  downgradient  portion  of  the  TCE  plume  showed  decreases  in 
TCE  concentrations  (e.g.,  SBllWD,  Figure  6),  indicating  vertical  migration  may  be  limited 
to  localized  areas  within  the  downgradient  TCE  plume. 

As  shown  on  Figure  3,  there  is  little  change  in  the  extent  of  the  TCE  plume  from  April 
1997  to  April  1999.  The  extent  of  the  TCE  plume  appears  to  be  stable  and  extends 
approximately  the  same  length  in  1999  as  in  1997  (approximately  4,000  feet  to  WL062). 
However,  some  vertical  expansion  of  the  TCE  plume  has  occurred  in  the  source  area  (deep 
monitoring  well  OU-1-05),  and  at  one  downgradient  location  (deep  well  OOOIU-MWl). 
Expansion  of  the  TCE  plume  to  the  northeast  may  be  limited  by  discharge  to  Stinking  Creek 
because  groundwater  samples  collected  from  monitoring  locations  northeast  of  Stinking 
Creek  in  April  1997  (WL060,  TWIO,  and  TW13)  and  April  1999  (TWIO)  did  not  contain 
detectable  levels  of  TCE  or  other  CAHs. 

Isomers  of  DCE  detected  in  April  1997  and  1999  groundwater  samples  include  cw-1,2- 
DCE,  tra«5-l,2-DCE,  and  1,1 -DCE.  The  DCE  isomer  detected  most  frequently  and  at  the 
highest  concentration  was  cis-l,2-DCE  (1,340  pg/L  at  OU-1-01  in  April  1997,  and  590  pg/L 
at  OU-1-02  in  April  1999).  The  four  locations  with  the  highest  concentrations  of  cw-1,2- 
DCE  coincide  with  the  highest  TCE  concentrations  detected  at  well  cluster  OU-1-01,  OU-1- 
02,  OU-1-03,  and  OU-1-04.  The  size  and  shape  of  the  April  1999  cz5-l,2-DCE  distribution  is 
similar  to  the  1997  cz5-l,2-DCE  distribution  indicating  that  the  extent  of  this  plume  also  is 
stable  (Figure  4). 
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At  all  wells/points  sampled  in  April  1999  and  1997,  trans-\,2-DCE  and  1,1-DCE  were 
detected  at  concentrations  significantly  lower  than  m-l,2-DCE  (Table  5).  This  is  expected 
if  TCE  is  being  degraded  to  DCE  via  reductive  dechlorination,  as  cA-l,2-DCE  is  a  more 
common  daughter  product  of  TCE  biodegradation  than  the  other  DCE  isomers  (USEPA, 
1998).  Therefore,  the  presence  of  c/ls'-l,2-DCE  is  a  good  indicator  that  degradation  of  TCE 
via  reductive  dechlorination  is  taking  place  in  groundwater  at  LF-04. 

2.4  Other  Dissolved  Chlorinated  Hydrocarbon  Contamination 

Chloroform  was  the  only  other  chlorinated  organic  compound  detected  in  April  1 999  at 
OU-1  (Table  5).  Chloroform  was  detected  in  wells  OU-1-02  and  WL019  at  low- 
concentrations  of  1.0  and  1.3  pg/L,  respectively.  1,2-dichlorobenzene  (1,2-DCB)  was 
detected  at  low  concentrations  in  1997,  but  was  not  detected  in  1999. 

3.0  BIODEGRADATION  OF  CHLORINATED  SOLVENTS 

As  discussed  in  the  TS,  microorganisms  obtain  energy  for  cell  production  and 
maintenance  by  facilitating  thermodynamically  advantageous  reduction/oxidation  (redox) 
reactions  involving  the  transfer  of  electrons  from  electron  donors  to  available  electron 
acceptors.  This  results  in  the  oxidation  of  the  electron  donor  and  the  reduction  of  the 
electron  acceptor.  Electron  donors  in  OU-1  groundwater  include  anthropogenic  carbon  (i.e., 
fuel  hydrocarbon  compounds),  and  less  chlorinated  ethenes  (i.e.,  DCE  or  vinyl  chloride 
[VC]).  Fuel  hydrocarbons  are  completely  degraded  or  detoxified  if  they  are  utilized  as  the 
primary  electron  donor  for  microbial  metabolism  (Bouwer,  1992).  Electron  acceptors  are 
elements  or  compounds  that  occur  in  relatively  oxidized  states.  Native  electron  acceptors 
include  oxygen,  nitrate,  manganese,  ferric  iron,  sulfate,  and  carbon  dioxide.  Microorganisms 
preferentially  utilize  electron  acceptors  while  metabolizing  fuel  hydrocarbons  (Bouwer, 
1992).  DO  is  utilized  first  as  the  prime  eleetron  acceptor.  After  the  DO  is  consumed, 
anaerobic  microorganisms  typically  use  electron  acceptors  in  the  following  order  of 
preference:  nitrate,  manganese,  ferric  iron,  sulfate,  and  finally  carbon  dioxide.  Anaerobic 
destruction  of  the  BTEX  compounds  is  associated  with  the  accumulation  of  fatty  acids, 
production  of  methane,  solubilization  of  iron,  and  reduction  of  nitrate  and  sulfate  (Bouwer, 
1994;  Cozzarelli  et  al.,  1990;  Wilson  et  al.,  1990).  Under  certain  conditions,  chlorinated 
ethenes  also  can  be  used  as  electron  acceptors  in  microbially  mediated  redox  reactions 
(reductive  dechlorination). 

As  a  part  of  the  April  1999  sampling  event,  analyses  were  performed  on  groundwater 
samples  to  determine  the  concentrations  of  geochemical  indicators  of  biodegradation.  The 
results  of  these  analyses  are  summarized  in  the  following  subsections. 

3.1  Oxidation-Reduction  Potential 

Redox  potential,  a  measure  of  the  relative  tendency  of  a  solution  to  accept  or  transfer 
electrons,  was  measured  for  groundwater  and  surface  water  samples  collected  in  1997  and 
1999  (Table  6).  The  dominant  electron  acceptor  being  reduced  by  microbes  during  BTEX 
oxidation  is  tied  to  the  redox  potential  of  the  groundwater. 
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TABLE  6 

GROUNDWATER  GEOCHEMICAL  DATA 
OU-I 

RNA  TS  ADDENDUM 
ALTUS  AFB,  OKLAHOMA 
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TABLE  6  (Concluded) 
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Redox  potentials  measured  in  April  1997  at  OU-1  range  from  -179  to  220  millivolts  (mv), 
while  redox  potentials  measured  in  April  1999  range  from  168  mV  to  276  mV.  In  every 
instance  where  redox  potential  was  measured  in  both  1997  and  1999,  the  redox  potential 
increased  significantly.  While  1999  redox  potentials  indicate  a  less  reducing  groundwater 
environment,  the  data  are  considered  suspect. 

Measured  site  values  are  higher  than  the  theoretical  optimum  level  for  sulfate  reduction 
and  methanogenesis  (Norris  et  al.,  1994),  this  discrepancy  is  a  common  problem  associated 
with  measuring  oxidizing  potential  using  field  instruments.  It  is  likely  that  the  platinum 
electrode  probes  are  not  sensitive  to  some  of  the  redox  couples  (e.g.,  sulfate/sulfide).  Many 
authors  have  noted  that  field  redox  potential  data  alone  cannot  be  used  to  reliably  predict  the 
electron  acceptors  that  may  be  operating  at  a  site  (Stumm  and  Morgan,  1981;  Godsey,  1994; 
Lovley  et  al.,  1994).  Groundwater  data  collected  at  OU-1  suggest  that  both  sulfate  reduction 
and  methanogenesis  are  occurring  in  certain  areas  of  the  contaminant  plume  even  though  the 
measured  redox  potential  range  would  exclude  both  processes. 

Areas  at  the  site  with  low  redox  potentials  continue  to  coincide  with  areas  characterized 
by  elevated  TCE  concentrations;  low  DO,  nitrate,  and  sulfate  concentrations;  and  elevated 
ferrous  iron  and  methane  concentrations.  This  suggests  that  dissolved  TCE  at  the  site  is 
undergoing  a  variety  of  biodegradation  processes,  including  aerobic  respiration, 
denitrification,  iron  reduction,  sulfate  reduction,  and  methanogenesis.  The  same 
relationships  between  redox  potential  and  electron  acceptor/byproduct  concentrations  were 
noted  during  the  April  1 997  sampling  event. 

3.2  Dissolved  Oxygen 

DO  concentrations  in  groundwater  are  used  to  evaluate  whether  aerobic  respiration  of 
organic  carbon  is  occurring.  Generally,  DO  concentrations  above  1.0  milligrams  per  liter 
(mg/L)  indicate  sufficient  DO  to  support  aerobic  respiration  (AFCEE  Technical  Protocol, 
1995  and  USEPA,  1998).  Table  6  summarizes  DO  concentrations  measured  at  groundwater 
monitoring  wells/points  and  surface  water  sampling  locations.  Groundwater  DO 
concentrations  ranged  from  less  than  0.1  mg/L  to  4.3  mg/L  in  April  1997,  and  ranged  from 
0.3  mg/L  to  3.8  mg/L  in  April  1999.  Figure  6  presents  isopleth  maps  of  groundwater  DO  at 
the  site  in  April  1997  and  April  1999.  DO  concentrations  measured  in  April  1999  are  similar 
to  those  measured  in  April  1997.  However,  the  April  1999  DO  distribution  appears  to  be 
more  elongated  and  narrower  than  in  April  1997.  Several  downgradient  and  crossgradient 
wells  were  not  sampled  in  April  1999  which  may  affect  isopleth  construction  for  the  1999 
sampling  event. 

Comparison  of  Figures  2,  3  and  5  illustrates  that  the  core  areas  of  the  BTEX  and  TCE 
plumes  at  OU-1  continue  to  be  depleted  of  dissolved  oxygen  (i.e.,  anaerobic).  The 
correlation  between  depleted  DO  and  elevated  BTEX  is  a  strong  indication  that  aerobic 
biodegradation  of  BTEX  or  other  organic  compounds  has  occurred,  and  continues  to  occur  at 
the  site.  This  is  beneficial  for  the  biodegradation  of  TCE  and  cw-l,2-DCE  by  producing  a 
reducing  groundwater  environment  that  may  be  suitable  for  reductive  dechlorination. 
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3.3  Nitrate+Nitrite 


After  DO  has  been  depleted  in  the  microbiological  treatment  zone,  nitrate  may  be  used  as 
an  electron  acceptor  for  anaerobic  biodegradation  of  organic  carbon  via  denitrification. 
Nitrate  concentrations  below  background  in  areas  with  high  organic  carbon  concentrations 
and  low  DO  are  indicative  of  denitrification. 

Concentrations  of  nitrate+nitrite  (as  N)  were  detected  in  all  of  the  15  monitoring 
wells/point  groundwater  samples  analyzed  for  nitrate+nitrite  in  April  1999.  Nitrate+nitrite 
results  for  groundwater  samples  collected  in  April  1997  and  April  1999  and  are  presented  in 
Table  6  and  contoured  on  Figure  7.  Nitrate+nitrite  within  the  BTEX  and  TCE  plumes  was 
depleted  (<1  mg/L)  in  April  1997.  This  suggests  that  denitrification  was  a  significant  process 
for  the  degradation  of  fuel  hydrocarbons  in  1997. 

For  April  1999  data,  the  average  nitrate  +  nitrite  concentration  for  well  locations  within 
the  TCE  plume  (as  defined  by  the  10  pg/L  contour  for  TCE,  Figure  3)  was  1.2  pg/L,  while 
the  average  nitrate  +  nitrite  concentration  outside  the  TCE  plume  was  2.6  pg/L.  Therefore, 
while  April  1999  data  showed  an  increase  in  nitrate+nitrite  concentrations  within  the  TCE 
plume,  the  average  nitrate  +  nitrite  concentration  within  the  TCE  plume  was  still  less  than 
one-half  of  the  average  TCE  concentration  outside  the  plume.  With  the  continued 
degradation  and  depletion  of  fuel  hydrocarbons  observed  in  1999,  denitrification  may  be 
limited  by  the  availability  of  an  organic  substrate.  Nitrate  also  may  compete  with  TCE  and 
cw-l,2-DCE  as  an  electron  acceptor  under  reducing  conditions. 

3.4  Ferrous  Iron 

Dissolved  ferrous  iron  (Fe^^)  is  the  reduced  form  of  iron  and  is  a  byproduct  of  ferric  iron 
(Fe^  )  reduction.  Increases  in  dissolved  ferrous  iron  concentrations  therefore  indicate  iron 
reduction  is  occurring  as  a  result  of  biodegradation.  Ferrous  iron  was  detected  in  6  of  the  16 
locations  sampled  and  analyzed  for  ferrous  iron  during  the  April  1999  sampling  event. 
Results  are  summarized  in  Table  6.  Increases  in  ferrous  iron  concentrations  were  observed, 
ranging  up  to  0.2  mg/L.  However,  the  limited  occurrence  and  low  concentrations  of  ferrous 
iron  indicate  that  microbial  biodegradation  via  iron  reduction  is  not  an  important  process  at 
the  site. 

3.5  Sulfate 

Sulfate  also  may  be  used  as  an  electron  acceptor  during  microbial  degradation  of  natural 
or  anthropogenic  organic  carbon  under  anaerobic  conditions  (Grbic-Galic,  1990).  This  ORP 
reaction  is  commonly  called  sulfate  reduction,  which  results  in  a  decrease  in  groundwater 
sulfate  concentrations. 

Sulfate  concentrations  were  detected  in  all  of  the  groundwater  and  surface  water  samples 
collected  in  1999  and  are  summarized  in  Table  6.  Sulfate  concentrations  exceeding  20  mg/L 
were  measured  in  April  1999  and  April  1997  at  all  wells  and  surface  water  locations 
sampled.  Groundwater  samples  collected  in  April  1999  from  wells  located  within  the  CAH 
plume  showed  increases  from  April  1997  sulfate  concentrations,  while  wells  located 
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downgradient  showed  decreases  in  sulfate  concentrations.  For  April  1999  data,  the  average 
sulfate  concentration  within  the  CAH  plume  (as  defined  by  the  10  pg/L  TCE  contour,  Figure 
3)  was  1,660  pg/L,  while  outside  of  the  plume  the  average  sulfate  concentration  was  2,040 
pg/L.  Therefore,  no  correlation  between  elevated  CAH  concentrations  and  depleted  sulfate 
exists.  This  likely  is  a  result  of  a  lack  of  anthropogenic  carbon  for  use  as  an  electron  donor. 
This  also  indicates  that  the  use  of  CAHs  as  electron  acceptors  under  sulfate-reducing 
conditions  may  be  inhibited  due  to  the  preferential  use  of  sulfate. 

3.6  Methanogenesis 

Under  highly  reducing  conditions,  carbon  dioxide  is  utilized  as  an  electron  acceptor, 
producing  methane  (methanogenesis).  Methane,  ethene  and  ethane  concentrations  were  not 
detected  in  any  of  the  groundwater  or  surface  water  samples  collected  in  April  1999.  Results 
are  summarized  in  Table  6  and  presented  on  Figure  8.  Ethane  and  ethene  also  were  not 
detected  in  April  1997. 

Methane  concentrations  ranged  from  less  than  the  detection  limit  of  0.001  mg/L  to  0.078 
mg/L  in  April  1997  (Table  6).  The  area  of  elevated  methane  concentrations  in  April  1997 
coincides  with  the  BTEX  (Figure  2)  and  TCE  (Figure  3)  source  area,  indicating  highly 
reducing  conditions  in  response  to  degradation  of  petroleum  hydrocarbons  or  native  organic 
matter,  as  well  as  potential  reductive  dechlorination  of  TCE.  However,  this  degree  of 
reducing  conditions  are  not  reflected  in  the  April  1999  methane  data,  indicating  a  change  to 
less  reducing  conditions. 

3.7  Ammonia/Ammonium 

The  presence  of  ammonia  in  groundwater  can  result  from  nitrate  reduction  (facilitated  by 
microorganisms),  fixing  of  atmospheric  nitrogen  (also  a  microbial  process),  or  anthropogenic 
sources  such  as  land  application  of  fertilizer.  Fixation  of  nitrogen  normally  occurs  only 
under  reducing  conditions  (ORP  less  than  -500  mV  [Stumm  and  Morgan,  1981]).  Ammonia 
was  not  detected  in  any  groundwater  samples  analyzed  in  April  1999  or  April  1997  (Table  6). 

3.8  Alkalinity 

Total  alkalinity  (as  calcium  carbonate)  is  a  measure  of  the  ability  of  water  to  buffer 
changes  in  pH.  Both  aerobic  and  anaerobic  biodegradation  of  BTEX  produces  carbon 
dioxide  which,  when  mixed  with  water  in  the  proper  conditions,  produces  carbonic  acid.  In 
aquifers  that  have  carbonate  minerals  as  part  of  the  matrix,  carbonic  acid  dissolves  these 
minerals,  increasing  the  alkalinity  of  the  groundwater.  Therefore  an  increase  in  alkalinity 
can  be  observed  in  areas  of  active  biodegradation  of  BTEX. 

Alkalinity  was  measured  in  April  1999  at  concentrations  ranging  from  180  mg/L  to  440 
mg/L.  These  results  are  summarized  in  Table  6.  Alkalinity  decreased  in  all  of  the 
groundwater  samples  between  1997  and  1999  (Table  6).  In  addition,  the  1999  data  indicate  a 
significant  reduction  in  BTEX  concentrations  and  BTEX  plume  extent  at  OU-1,  which 
suggests  that  alkalinity  is  sufficient  to  continue  buffering  the  groundwater  pH  against  future 
effects  of  biologically  mediated  oxidation  reactions. 
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Chloride  is  removed  from  CAHs 

Therefore  chloride  concentrations  in  gr  Chloride  concentrations  are  presented  in 
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Table  6  and  shown  on  Figure  9.  The  nign  ^p^jl  1999  (Figure 

detected  within  the  downgradient  portion  P  ^21  mg/L  (WL020)  to  384  rng/L 

9).  Background  chloride  mX(^020)  to  389  mg/L  (WL018)  in 
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3.10  Sunrinary  of  Biodegradation  ot  Chlorinated  Solvents 
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4.0  CONCLUSIONS  AND  RECOMMENDATIONS 
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concentrations  of  TCE,  an  increase  in  c/5-l,2-DCE,  and  eventually  the  accumulation  of  VC. 
Some  of  these  characteristics  are  observed  at  the  OU-1  site.  Much  of  the  TCE  has  been 
effectively  degraded  to  cw-l,2-DCE  by  reductive  dechlorination.  The  lack  of  VC  in 
groundwater  at  OU-1  indicates  that  reductive  dechlorination  is  not  proceeding  past  the  initial 
step  that  involves  the  transformation  of  TCE  to  DCE.  Within  the  source  area,  VC  would  be 
expected  to  accumulate  because  the  anaerobic  degradation  rate  of  VC  is  slow  relative  to  TCE 
and  d5-l,2-DCE.  Because  VC  is  not  observed,  further  reductive  dechlorination  of  DCE  does 
not  appear  to  occur  at  the  site.  The  stability  of  the  d5-l,2-DCE  plume  suggests  that  cis-1,2- 
DCE  may  degrade  by  aerobic  oxidation  or  cometabolism  (which  do  not  produce  VC)  further 
downgradient  under  more  aerobic  conditions. 

Observed  BTEX  and  CAH  plume  behavior  has  not  exceeded  the  conservative  predictions 
made  using  the  numerical  and  analytical  models  developed  in  the  TS  report  (Parsons  ES, 
1997).  BTEX  was  only  detected  at  one  well  location  in  April  1999  (OU-1 -01  at  a 
concentration  of  1  pg/L),  indicating  that  BTEX  has  been  effectively  degraded.  Model 
predictions  suggested  that  without  source  reduction,  significant  migration  of  the  CAH  plume 
could  occur  with  potential  migration  to  Stinking  Creek  and  the  Base  boundary.  Given  the 
observed  rate  of  CAH  plume  migration,  and  considering  that  there  are  no  impacted  receptors 
at  or  downgradient  from  the  site;  natural  attenuation,  institutional  controls,  and  continued 
LTM  are  recommended  as  the  remedial  option  for  CAH-  impacted  groundwater  at  the  site. 
LTM  should  follow  the  suggested  plan  included  in  the  TS  (parsons  ES,  1999).  However,  if 
significant  migration  of  the  CAH  plume  occurs,  or  reducing  the  remedial  time-frame 
becomes  desirable,  engineered  source  reduction  (dual-phase  extraction)  might  be  considered, 
as  discussed  in  the  TS. 
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MEMORANDUM 
MANTECH  ENVIRONMENTAL  RESEARCH  SERVICES  CORP. 
Environmental  Science 


In  reply  refer  to:  99/JAD29 

Contract  #  68-C-98-138 


T 0 :  JDr.i-©6nTKampbe!l 


Thru:  Dr.  Dennis  Fine 


From:  John  Daniel 


Subject:  SF-0-70 


Date:  May  20, 1999 


Copies:  R.L  Cosby 
G.B.  Smith 
J.  L.  Seeley.^ 

As  requested  in  Service  Request  #  SF-0-70,  headspace  GC/MS  analysis  of  27  water  samples 
from  Altus  AFB  for  chlorinated  volatile  organic  compounds  was  completed.  The  samples  were 
received  April  19,  1999  and  analyzed  on  May  13-14,  1999.  RSKSOP-148  (Determination  of 
Volatile  Organic  Compounds  in  Water  by  Automated  Headspace  Gas  Chromatography/Mass 
Spectrometry  (Saturn  II  Ion  Trap  Detector)  was  used  for  this  analysis. 

An  internal  standard  calibration  method  was  established  for  15  compounds.  The  standard 
curves  were  prepared  from  1.0  to  10000  ppb.  The  lower  calibration  limits  were  1.0  ppb. 


A  quantitation  report  for  the  samples,  lab  duplicates,  field  duplicates,  QCs,  standards  and  lab 
blank  is  presented  in  tables  1-2. 

If  you  should  have  any  questions,  please  feel  free  to  contact  me. 


ManTech  Environmental  Research  Services 


Corporation 


R.S.  Kerr  Environmental  Research  Center,  P.O.  Box  1 198,  919  Kerr  Research  Drive 
Ada,  Oklahoma  74821-1 198  580-436-8660  FAX  580-436-8501 


Table  I.  Quantitative  Report  for  S.R.  #  SF-0-70  from  Altus  AFB. 
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MEMORANDUM 


MANTECH  ENVIRONMENTAL  RESEARCH  SERVICES  CORP. 
Environmental  Sciences 


To:  Dr.  Don  Kampbell 


THRU: 


Dr. 


Dennis  Fine 


In  reply  refer  to:  99-MB15 
From:  Mark  Blankenship 
Date:  April  21,  1999 


Copies:  R.L.  Cosby 
G . B .  Smith 
J.L.  Seeley 

(T 


Please  find  attached  the  analytical  results  for  Service 
Request  SF-0-70  requesting  the  analysis  of  Altus  AFB,  OK  ground 
water  samples  to  be  analyzed  for  BTEXXX,  TMB's  and  MTBE.  The 
samples  were  collected  April  14,  1999,  April  15,  1999  and  April 
16,  1999.  I  received  a  total  of  26  samples,  in  duplicate,  in 
capped,  40  mL  VOA  vials  on  April  19,  1999.  Samples  were  analyzed 
April  19  and  April  20,  1999.,  The  samples  were  acquired  and 
processed  using  the  Millennium  data  system.  A  5  point  (1-1000 
ppb)  external  calibration  curve  was  used  to  determine  the 
concentration  for  for  all  compounds. 

RSKSOP-122  "  Analysis  of  Volatile  Aromatic  Hydrocarbons  with 
Separation  of  Xylene  Isomers  by  Purge  and  Trap  Gas 
Chromatography"  was  used  for  these  analyses.  Autosampling  was 
performed  using  a  Dynatech  Precision  autosampler  system  in  line 
with  a  Tekmar  LSC  2000  concentrator. 


ManTech  Environmental  Research  Services  Corporation 


R.S.  Kerr  Environmental  Research  Laboratory,  P.O.  Box  1198,  919  Research  Drive 
Ada,  Oklahoma  7482 1-1189  405-436-8660  FAX  405-436-8501 
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MEMORANDUM 

MANTECH  ENVIRONMENTAL  RESEARCH  SERVICES  CORP 
Environmental  Science 


In  reply  refer  to  :  99-SH39 

Contract  #68-C-99-138 


To:  Dr.  Don  Kampbell 
Thru:  Dennis  Fin 


From:  Sharon  Hightowe 


Subject:  SF-0-70  Date:  April  20,  1999 

Copies:  R.L.  Cosby 

G.B.  Smith  ^ 

J.L.  Seeley 

L.K.  Penningj^oncJ!|^^^ 


Attached  are  TOC  results  for  17  Altus  samples  submitted 
April  19,  1999  under  Service  Request  #SF-0-70.  Sample  analysis 
was  begun  April  20,  1999  and  completed  April  20,  1999  using 
RSKSOP-102. 

Blanks,  duplicates,  and  AQC  samples  were  analyzed  along  with 
your  samples,  as  appropriate,  for  quality  control.  If  you  have 
any  questions  concerning  this  data,  please  feel  free  to  ask  me. 


ManTech  Environmental  Research  Services  Corporation 
R.S.  Kerr  Environmental  Research  Center,  RO.  Box  1198,  919  Kerr  Research  Drive 


Ada,  Oklahoma  74821-1 198  580-436-8660  FAX  580-436-8501 


KAMPBELL  ALTUS  LIQUIDS  SF-0-70 
SAMPLES  RECEIVED  4/19/99 

SAMPLES  ANALYZED  4/20/99  BY  SHARON  HIGHTOWER 


SAMPLE 

MG/L  DOC 

MW-1,  4/15 

1.42 

MW-IA,  4/15 

4.20 

RVOOl,  4/14 

2.91 

RV002,  4/14 

3.76 

WL-018,  4/14 

1.81 

WL-019,  4/15 

2.09 

WL-0-20,  4/15 

1.87 

WL-0-21,  4/14 

3.28 

WL-22,  4/14 

.976 

WL-0-61,  4/16 

.945 

DUP 

.954 

WP40 

24.3 

WL-062,  4/16 

1.33 

OU-1-01,  4/15 

5.55 

OU-1-2,  4/15 

2.62 

OU-1-3,  4/15 

1.96 

OU-1-04,  4/15 

2.28 

OU-1-05,  4/15 

1.59 

OU-1-06,  4/15 

1.35 

5  MG/L 

4.95 

WP40 

24.2 

BLANK 

<.4 

WP40  std.  t.v.=24.0  +/-  2.40 
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MEMORANDTIM 

MANTECH  ENVTRONIVIENTAL  RESEARCH  SERVICES  CORP. 
Environmental  Science 


In  reply  refer  to:  99-31LP/lp 
Contract  #  68-C-98-138 


To:  Dr.  Don  E 

Thru:  D.D.  Fine^ 

Subject:  SR  #  SF-0- 

Copies:  R.L.  Cosby 
G.B.  Smith 
j  .D.  Seeley 

Attached  are  inorganic  results  for  1 7  .Mtus  /'lFB  samples  submitted  to  fvlERSC  under  Ser\.’ice 
Request  #  SF-0-70.  The  samples  were  received  April  i 9,  and  were  analyzed  April  1 9  and  20, 1 999. 
The  methods  used  for  analysis  were  Waters  capillary  electrophoresis  method  N-601  for  cliioride  and 
sulrate  and  Lachat  FLA  methods  JO- 107-04-2- A  for  nitrate+  nitrite  and  10-107-06-1  for  ammonia. 

Quality  control  measures  performed  along  with  your  samples  included  analysis  of  bktnlrs 
duplicates,  spikes,  known  WPG  samples  and  check  standards. 

If  you  have  any  que-stions  concerning  this  data,  ])lease  feel  free  to  contact  me. 


Campbell 


70 


From:  Lynda  Pennington 
Ref: 

Date:  April  20,  1999 


M 


ManTech  Environmental  Research  Services  Corporation 


R.S.  Kerr  Environmental  Research  Center,  P.O.  Box  1198, 919  Kerr  Research  Drive 
Ada,  Oklahoma  74821-1 198  580-436-8660  FAX  580-436-8501 


Rec'd  4-19-99 
Analyzed  4-1 9  and  4-20 
by  L  Pennington 


S.R.  #  SF-0-70 
Don  Kampbell 
Altus  AFB,  OKC 
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•  MEMORANDTnvr 

MANTECH  ENVIRONMENTAL  RESEARCH  SERVICES  CORP. 
Environmental  Science 


In  reply  refer  to:  99-AZ23 
68-C-98-138 


To:  Dr.  Don  Kampbell 
Thru:  Dennis  Fine^^^'^^ 


Subject:  SF-0-70 

Copies:  R.L.  Cosby 
G.B.  Smith 
J.L.  Seeley 


From:  Amy  Zhao  &  Lisa  Hudson 
Date:  April  26, 1999 


As  requested  in  Service  Request  #SF-0-70,  gas  analysis  was  performed  for  methane,  ethylene 
and  ethane  from  Altus  AFB.  The  samples  were  received  on  April  19, 1999,  and  analyzed  on  April 
194  were  done  as  per  RSKSOP-175,  Analyses  were  performed  as  per  RSKSOP- 


If  you  have  any  questions  concerning  this  data,  please  feel  free  to  contact  me. 


ManTech  Environmental  Research 


Services  Corporation 


R.S.  Kerr  Environmental  Research  Center.  RO.  Box  1 198,  919  Kerr  Research  Drive 
Ada,  Oklahoma  74821-1 198  580-436-8660  FAX  580-436-8501 


Printed  04/26/99  SF-0-70 


Originator:  D.  Kampbell 


Site:Altus  AFB 


Sample  Received  04/1 9/99  Sample  Analyzed  04/20/99  Analyst:  A.  Zhao  &  L.  Hudson 

Sample  Methane  Methane  Ethylene  Ethylene  Ethane  Ethane 

ppm  (Gas)  ppm  mg/L(Water)  ppm  (Gas)  ppm  mg/L(Water)  ppm  (Gas)  ppm  (Water) 


100  ppm  CH4 

9.55E+01 

•** 

100  ppm  C2H4 

★w 

9.08E+01 

100  ppm  C2H6 

irk 

- 

*-* 

9.95E+01 

mm 

HP.  Helium  Blank 

★★ 

kk 

kk 

Lab  Blank 

kk 

kk 

kk 

MW-1(4/15) 

- 

kk 

kk 

kk 

WL-0-18(4/14) 

- 

kk 

mm 

kk 

kk 

WL-0-19(4/15) 

- 

kk 

mm 

kk 

kk 

WL-0-20(4/15) 

- 

kk 

kk 

kk 

WL-0-2i(4/14) 

- 

kk 

kk 

kk 

WL-0-21  Lab  Dup(4/14) 

kk 

kk 

kk 

WL-0-22(4/14) 

- 

kk 

kk 

kk 

WL-0-61(4/16) 

kk 

mm 

kk 

kk 

WL-0-62(4/16) 

- 

kk 

kk 

kk 

OU-1-01(4/15) 

kk 

mm 

kk 

kk 

OU-1-2(4/15) 

kk 

kk 

** 

OU-1-3(4/15) 

- 

kk 

kk 

kk 

OU-1-3  Field  Dup 

- 

kk 

kk 

kk 

OU-1-4(4/15) 

kk 

mm. 

kk 

OU-1 -05(4/1 5) 

- 

kk 

mm 

kk 

OU-1 -06(4/1 5) 

kk 

mm 

kk 

RV-001(4/14) 

- 

kk 

mm 

kk 

RV-002(4/14) 

- 

kk 

mm 

kk 

kk 

RV-002  Lab  Dup 

- 

kk 

mm 

kk 

kk 

10ppmCH4 

1.04E+01 

kk 

kk 

10ppmC2H4 

irk 

9.60E+00 

kk 

10ppmC2H6 

kk 

mm 

9.80E+00 

~ 

Lower  Limit  of  Quantitation 

10.0 

0.001 

10.0 

0.003 

10.0 

0.002 

Units  for  the  samples  are  mg/L  dissolved  in  water. 
Units  for  the  standards  are  parts  per  million. 


sample  date  is  represented  in( )  1999 
**  denotes  None  Detected. 

*  denotes  Below  Limit  of  Quantitation. 
~  denotes  Not  Applicable. 


rjlTi^S  /4^B 

Wa7<v^  —  LFO‘i  s/T-t 
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ATTACHMENT  B 


RESPONSES  TO  COMMENTS 


S:\ES\WP\PROJECTS\733939\20.DOC 


Parsons  Engineering  Science,  Inc.  •  A  Unit  of  Parsons  Infrastructure  &  Technology  Group  Inc. 

1 700  Broadway,  Suite  900  •  Denver,  Colorado  80290  •  (303)831-8100  •  Fax;  (303)  831-8208  •  www.parsons.com 

14  December  1999 


Mr.  Jerry  Hansen 
AFCEE/ERT 

3207  North  Road,  Bldg  532 
Brooks  AFB,TX  78235-5363 

Subject:  Responses  to  AFCEE  Comments  on  the  Draft  Addendum  to  the  Remediation 
by  Natural  Attenuation  Treatability  Study  for  Operable  Unit  1,  Altus  AFB,  OK 

Dear  Mr.  Hansen: 

This  letter  provides  responses  to  comments  received  on  the  Draft  Addendum  to  the 
Remediation  by  Natural  Attenuation  (RNA)  Treatability  Study  (TS)  for  Operable  Unit  1 
(OUl),  Altus  Air  Force  Base  (AFB),  Oklahoma.  The  RNA  TS  Addendum  was  prepared 
by  Parsons  Engineering  Science,  Inc.  (Parsons  ES)  for  the  Air  Force  Center  for 
Environmental  Excellence  Technology  Transfer  Division  (AFCEE/ERT)  and  Altus  AFB. 
The  intent  of  the  RNA  TS  Addendum  was  to  evaluate  the  role  of  natural  attenuation  in 
remediating  chlorinated  solvents  in  groundwater  at  OUl  over  time.  The  Draft  RNA  TS 
Addendum  was  submitted  to  AFCEE  in  October  1999.  Comments  on  the  Draft  RNA  TS 
Addendum  were  received  from  AFCEE  as  reviewed  by  Jon  Atkinson,  dated  13  December 
1999.  Responses  to  these  comments  were  prepared  by  Parsons  ES  and  are  presented 
herein. 


Responses  to  AFCEE  Comments:  13  December  1999 


Comment  1)  Pages  1  and  2,  Sec  1.2:  The  time  period  for  SAC  control  of  the  Base 
should  be  added  to  line  3  of  page  2. 


Parsons  ES  Response:  The  text  will  be  changed  to  indicate  that  the  period  for  SAC 

control  of  the  Base  was  from  1953  to  1961. 


Comment  2)  Page  2,  Sec  1.2,  Para  2,  Lines  5:  Suggest  writing  out  the  “6”  and  “8”  in  “6 
to  8  feet  below”  and  other  numbers  less  than  10  that  occur  throughout  the 
report  unless  they  describe  units  of  analytical  measurement  (e.g.,  mg/L). 
This  practice  of  writing  numbers  less  than  10  as  words  is  consistent  with 
the  Air  Force  Tongue  and  Quill. 

Parsons  ES  Response:  It  is  Parsons  ES  practice  to  use  numerals  for  any  unit  of  specific 

measure  (i.e.,  feet),  not  just  analytical  results.  Therefore,  request 
that  the  text  not  be  changed. 


:|\ES\WP\PROJECTS\733939\33.doc 


Mr.  Jerry  Hansen 
14  December  1999 
Page  2 


Comment  3)  Page  7,  Fig  1;  In  the  title  suggest  changing  “Map”  to  “Maps.” 
Parsons  ES  Response:  The  title  will  be  changed  as  suggested. 


Comment  4)  Pages  21  and  22,  Sec  2.3,  Sent  2  and  Sec  2.4,  Line  3:  The  three  typos  in 
“ug/L”  need  to  be  corrected. 

Parsons  ES  Response:  The  typographic  errors  will  be  corrected. 


Comment  5)  Pages  22  and  23,  Sec  3.0,  Sents  6  and  9.  Recommend  adding  manganese 
to  the  lists  of  electron  acceptors. 

Parsons  ES  Response:  Manganese  will  be  added  to  the  list  of  electron  acceptors  as 

recommended. 


Comment  6)  Page  28,  Sec  3.3,  Para  2:  Suggest  annotating  the  average  background  and 
in-plume  concentrations  of  nitrate  plus  nitrite  nitrogen  and  stating  if  any 
statistically  significant  differences  occur  between  these  two  averages. 

Parsons  ES  Response:  The  average  concentration  of  nitrate  +  nitrite  (as  nitrogen)  both 

within  and  outside  of  the  chlorinated  aliphatic  hydrocarbon 
(CAH)  plume  (as  defined  by  the  10  ug/L  contour  for  TCE)  will  be 
calculated  and  compared.  A  discussion  of  the  average 
concentrations  will  be  added  to  the  text. 


Comment  7)  Page  30,  Sec  3.5,  Para  2:  Suggest  aimotating  the  average  background  and 
in-plume  concentrations  of  sulfate  and  stating  if  any  statistically 
significant  differences  occur  between  these  two  averages. 

Parsons  ES  Response:  The  average  concentration  of  sulfate  both  within  and  outside  of 

the  CAH  plume  (as  defined  by  the  10  ug/L  contour  for  TCE)  will 
be  calculated  and  compared.  A  discussion  of  the  average 
concentrations  will  be  added  to  the  text. 


Comment  8)  Page  31,  Sec  3.8: 

a.  Sent  2:  Recommend  adding  that  anaerobic  biodegradation  of 
CAHs  also  generates  acids. 


S:\ES\WP\PR0JECTS\733939\33.doc 


Mr.  Jerry  Hansen 
14  December  1999 
Page  3 


b.  Last  Sent:  This  statement  appears  to  contradict  the  assertion  in 
Wiedemeier  et  al.,  1996,  Technical  Protocol  for  Evaluating 
Natural  Attenuation  of  Chlorinated  Solvents  in  Groundwater, 
p.  2-33  that:  .  .  biodegradation  of  organic  compounds  rarely, 
if  ever,  generates  enough  acid  to  impact  the  alkalinity  of 
groundwater.”  This  apparent  contradiction  should  be  briefly 
addressed. 


Parsons  ES  Response: 


a.  A  statement  will  be  added  to  the  text  indicating  that  both 
aerobic  and  anaerobic  biodegradation  of  CAHs  generate 
acids. 

b.  The  correct  quotation  from  the  AFCEE  Technical  Protocol  for 
Evaluating  Natural  Attenuation  of  Chlorinated  Solvents  in 
Ground  Water  (USEPA  Publication  EPA/600/R-98/128, 
September  1998)  reads  ‘\..In  the  experience  of  the  authors, 
biodegradation  of  organic  compounds  rarely,  if  ever,  generates 
enough  acid  to  impact  the  pH  of  the  ground  water.  ” 

Alkalinity  is  important  in  the  maintenance  of  groundwater  pH 
because  it  buffers  the  groundwater  system  against  acids,  in 
particular  carbonic  acid  produced  from  carbon  dioxide 
generated  during  both  aerobic  and  anaerobic  biodegradation. 
While  biodegradation  may  generate  enough  acids  to  increase 
alkalinity,  the  alkalinity  is  generally  sufficient  to  buffer  against 
significant  changes  in  groundwater  pH.  Therefore,  no  change 
to  the  text  is  necessary. 


Comment  9)  Pages  33  and  35,  Sec  3.10,  Bullet  2:  Although  dissolved  hydrogen  is 
enumerated  it  does  not  appear  in  Table  1  or  in  any  other  text.  This 
discrepancy  should  be  resolved. 

Parsons  ES  Response:  Dissolved  hydrogen  was  analyzed  for  in  April  1997,  but  not  in 

April  1999.  Dissolved  hydrogen  concentrations  are  summarized 
in  Table  6,  and  a  discussion  of  dissolved  hydrogen  is  presented 
in  the  TS.  A  reference  to  Table  6  and  the  TS  will  be  added  to  the 
second  bullet  in  Section  3.10. 


S:\ES\WP\PROJECTS\733939\33.doc 


Mr.  Jerry  Hansen 
14  December  1999 
Page  4 


Comment  10:  Page  36,  Sec  4.0: 

a.  Sent  1:  To  correct  subject-verb  agreement,  recommend 
changing  “have”  to  “has.” 

b.  Sent  2:  The  typo  in  “ug/L”  needs  to  be  corrected. 

c.  Sent  4:  Suggest  expanding  to  recommend  specific  monitoring 
wells  to  be  sampled,  proposed  analytes,  and  sampling 
frequency. 

Parsons  ES  Response: 

a.  The  text  will  be  corrected  as  recommended. 

b.  The  typographic  error  will  be  corrected. 

c.  The  long-term  monitoring  (LTM)  plan  proposed  in  the  TS 
details  the  recommended  monitoring  wells,  proposed  analytes, 
and  sampling  frequency.  A  reference  to  the  LTM  plan  in  the 
TS  will  be  added  to  Section  4.0. 


If  you  have  any  questions,  have  additional  comments,  or  require  additional 
information,  please  call  me  at  (303)  831-8100. 


Sincerely, 


PARSONS  ENGINEERING  SCIENCE,  INC. 


Bruce  M.  Henry,  P.G. 
Project  Manager 
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cc:  File  722450.36000 


S:\ES\WP\PROJECTS\733939\33.doc 


